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ELECTRIC   LIGHTING. 

(PART  1.) 


INTRODUCTOIIY. 

1.  The  subject  of  electric  lighting  involves  a  considera- 
tion of  the  different  methods  used  for  carrying  out  artificial 
illumination  by  means  of  electrical  energy.  This  means  that 
not  only  must  the  actual  means  of  converting  the  electrical 
energy  into  light  be  considered,  but  that  the  methods  used 
for  its  generation  and  distribution  must  also  be  given  due 
attention. 

2.  There  are,  in  general,  two  methods  in  common  use 
for  producing  light  by  means  of  electricity:  (a)  By  means 
of  incandescent  lamps;  and  (d)  by  means  of  arc  lamps. 

Both  of  these  methods  are  extensively  used,  the  arc  light 
being  especially  adapted  for  street  lighting,  although  it  is 
largely  used  for  interior  lighting  as  well.  The  principal 
field  for  incandescent  lighting  is  interior  illumination,  but 
incandescent  lamps  are  also  used  for  street  lighting, 
especially  in  places  where  the  streets  are  thickly  shaded  by 
trees,  or  in  cases  where  a  fairly  uniform  distribution  of  light 
is  desired. 

3.  In  the  incandescent  electric  lamp,  light  is  produced 
by  bringing  a  continuous  conductor  of  high  resistance  to  a 
very  high  temperature  by  passing  a  current  through  it.  If 
a  current  is  sent  through  a  conductor,  there  will  be  a  certain 
loss  of  energy  in  the  conductor  due  to  the  resistance  that 
the  current  encounters  in  flowing  through  it,  and  this  loss 
reappears  in  the  form  of  heat.     In  the  incandescent  lamp, 
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2  ELECTRIC  LIGHTING.  §  16 

the  construction  of  which  will  be  described  later,  this  heat- 
ing effect  is  so  intense  that  it  raises  the  conductor  to  incan- 
descence and  so  produces  the  desired  illumination. 

4,  The  illumination  produced  by  the  arc  lamp  is  brought 
about  in  an  entirely  different  way.  In  this  lamp  the  current 
is  made  to  pass  between  two  carbon  points  that  are  held 
automatically  a  short  distance  apart.  The  points  of  these 
carbon  rods,  become  heated  to  an  exceedingly  high  tempera- 
ture and  a  very  brilliant  light  is  produced.  The  arc  lamp 
was  first  publicly  exhibited  by  Sir  Humphry  Davy  in  Lon- 
don in  the  year  1810,  when  he  used  a  battery  of  2,000  cells 
for  its  operation.  Arc  lamps  did  not  come  into  commercial 
use  until  a  much  later  period,  because  current  could  not  be 
supplied  cheaply  enough  by  means  of  batteries,  and  the 
introduction  of  the  light  was  not  accomplished  until  the 
dynamo-electric  machine  had  been  developed  sufficiently  to 
insure  the  generation  of  electrical  energy  at  reasonable  cost. 
The  arc  lamp  will  be  described  in  detail  when  this  system  of 
lighting  is  considered  by  itself.  For  the  present,  we  will 
confine  our  attention  to  the  methods  of  artificial  illumina- 
tion as  carried  out  by  the  incandescent  lamp. 

5,  Arc  and  incandescent  lamps  may  be  operated  by 
means  of  either  the  alternating  current  or  the  direct  cur- 
rent. Arc  lamps  have,  in  the  past,  been  operated  princi- 
pally by  direct  current,  but  alternating  current  is  now  being 
largely  used  for  this  purpose.  Incandescent  lamps  will 
operate  quite  as  well  with  alternating  as  with  direct  current, 
provided  the  frequency  is  not  too  low.  The  heating  effect 
in  a  conductor  is  independent  of  the  direction  in  which 
the  current  flows;  hence,  an  alternating  current,  which 
periodically  reverses  its  direction  of  flow,  will  operate  an 
incandescent  lamp  just  as  well  as  a  direct  current,  which 
always  flows  in  the  same  direction.  The  reversals  of  the 
current  are  so  rapid  that  the  conductor  in  the  lamp  does  not 
have  time  to  cool  off  perceptibly,  and,  hence,  there  is  no 
flickering  noticeable  to  the  eye.  If,  however,  a  frequency 
below  30  cycles  per  second  is  used,  the  lamps  are  apt  to 
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flicker,  and  if  alternating  current  is  to  be  used  for  incan- 
descent lighting  work,  the  frequency  should  not  be  below 
this  value. 

6.  In  taking  up  the  subject  of  electric  lighting,  we  will 
then  have  the  four  following  divisions  to  consider: 

1.  Incandescent  lighting  by  direct  current, 

2.  Incandescent  lighting  by  alternating  current. 

3.  Arc  lighting  by  direct  current. 

4.  Arc  lighting  by  alternating  current. 

These  main  divisions  of  the  subject  cover  broadly  the 
numerous  systems  in  common  use ;  they  may  be  still  further 
subdivided,  but  the  various  modifications  will  be  taken  up 
when  each  of  the  above  divisions  is  considered  by  itself. 


INCANT>ESCENT  LKIHTING, 


THE    TXCANDE8CENT    LAMP. 

7.  The  lnfttiMle>*ccnt  Innip  is  naturally  the  first  thing 
to  be  considered  in  connection  with  the  subject  of  incan- 
descent lighting,  as  it  is  by  means  of 
this  lamp  that  the  electric  energy  is 
made  to  furnish  the  required  illumina- 
tion. Fig.  1  shows  a  typical  incan-  i 
descent  lamp  with  which  everyone  is  | 
familiar. 

In  order  that  the  lighting  service 
supplied  from  an  incandescent  plant 
shall  be  satisfactory,  it  is  highly  iinjior- 
tant  to  see  that  the  lamps  are  cHi- 
cient.  If  poor  lamps  arc  used,  or  if 
the  lamps  are  burned  beyond  their  use- 
ful life,  pixir  service  will  result  no  mat- 
ter how  efficient  the  system  may  be  in 
other  respects.  It  is  useless  to  install 
the  best  generating;  machinery  avail- 
able and   then  e.\pect  to  give  a  good 
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service  with  old  or  cheap  lamps  that  soon  run  down  in 
candlepower.  Central-station  managers  are  coming  to  real- 
ize this  point  more  than  was  once  the  case  and  are  devoting 
more  attention  to  the  quality  of  the  lamps  that  they  buy; 
in  fact,  most  progressive  companies  now  provide  means  for 
testing  their  lamps. 


CONSTRUCTION  OF  I.AMPS. 

8,  Early  Exi>eriinents.  —  It  was  not  long  after  the 
invention  of  the  arc  lamp  until  inventors  turned  their  atten- 
tion to  the  production  of  electric  light  by  heating  continuous 
conductors  to  a  high  temperature  by  means  of  the  current, 
instead  of  using  the  arc,  because  the  early  forms  of  arc 
lamps  were  not  well  suited  to  interior  illumination.  The 
first  experiments  were  made  with  platinum  or  iridium  wire. 
These  wires  were  mounted  in  the  open  air  and  current  sent 
through  them,  the  current  bringing  the  wire  to  a  white 
heat  and  thus  causing  light  to  be  given  off.  All  these  lamps 
proved  failures  because  the  wire  very  soon  burned  out. 
The  temperature  to  which  it  had  to  be  raised  was  very  near 
the  melting  point  of  the  metal,  and  if  great  care  were  not 
exercised  the  wire  would  fuse.  In  later  experiments,  the 
wire  was  enclosed  in  a  glass  globe  from  which  the  air  was 
exhausted.  This  was  a  great  step  in  advance,  because  it 
prevented  the  conductor  from  becoming  oxidized  and  thus 
destroyed  by  the  action  of  the  air;  it  also  prevented  the  wire 
cooling  off  so  fast,  and  thus  allowed  the  high  temperature  to 
be  maintained  by  a  much  smaller  current  than  would  be 
required  were  the  wire  heated  in  the  open  air.  Even  when 
the  platinum  or  iridium  wire  was  enclosed  in  a  globe  from 
which  the  air  had  been  exhausted,  it  was  found  that,  although 
the  lamps  were  very  much  improved,  they  were  not  suitable 
for  commercial  use.  It  became  evident  that  some  sub- 
stance that  would  be  cheaper  and  capable  of  standing  a 
higher  temperature  would  be  necessary.  Carbon  was  finally 
selected  as  the  substance  most  suitable  and  is  now  univer- 
sally used. 
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9.  There  has  been  considerable  discussion  as  to  who  in- 
vented the  incandescent  lamp,  and  the  probabilities  are  that 
its  invention  was  not  due  to  any  one  person.  Edison  tried 
a  great  many  experiments  to  determine  the  best  substance 
for  the  conductor,  or  fllament,  as  it  is  usually  called.  The 
material  that  he  finally  selected  was  bamboo  fiber,  which 
was  cut  to  the  proper  size  and  then  carbonized.  Maxim 
made  lamps  with  filaments  of  carbonized  paper.  These 
lamps  embodied  all  the  essential  parts  contained  in  the 
modern  lamp  shown  in  Fig.  1,  but  lamps  as  now  made  are 
very  much  improv^ed  in  efficiency  and  are  decidedly  cheaper. 
The  work  of  Edison  undoubtedly  first  placed  the  incandes- 
cent lamp  on  a  commercial  basis. 

10,  Filanients. — As  mentioned  before,  bamboo  was  used 
at  one  time  for  the  construction  of  lamp  filaments.  Fig.  2 
shows  the  general  shape  of  one  of  these  early  bamboo  fila- 
ments. The  ends  ^,  a  were  enlarged  so  that  the  heating  at 
the  joint  between  the  leading-in  wires  and  the  filament 
would  be  much  less  than  that  of  the  filament  proper.     Lamp 
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Fig.  2. 

filaments  as  now  made  are  usually  in  the  forms  shown  in 
Fig.  3  (^7),  (/^),  and  (c).  {(i)  is  the  plain  loop  filament,  {b)  the 
spiral,  and  (c)  the  oval.  In  Fig.  3  (r),  the  filament  is  fast- 
ened at  X  to  a  small  platinum  wire  fused  into  the  glass, 
and  is  spoken  of  as  an  ancliorod  ftlaincnt.  This  is  done  to 
prevent  violent  vibrations  of  the  filament,  which  would  tend 
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to  shorten  the  life  of  the  lamp,  and  lamps  of  this  type 
should  be  used  in  any  place  where  they  are  subjected  to 
vibration,  as,  for  example,  on  street  cars.  Filaments  have 
been  made  of  carbonized  silk  or  cotton,  but  the  more  com- 
mon method  of  manufacture  at  present  is  by  what  is  known 
as  the  squirting  process.  This  process  consists  in  squirting 
the  material,  usually  cellulose  or  a  mixture  of  carbonaceous 
materials,  through  dies.  These  threads  are  then  cut  to  the 
proper  length,  wound  on  forms  to  hold  them  to  the  required 
shape,  and  carbonized.  This  process  has  been  found  to  make 
more  uniform  and  very  much  cheaper  filaments  than  the 
older  methods. 

With  the  old  process  of  making  filaments,  it  was  neces- 
sary to  treat  them  to  what  is  known  as  the  flashing  process. 
This  was  necessary  because  the  old-style  filaments  were  not 
uniform  in  cross-section,  and  when  used  in  the  lamps  would 
glow  more  brightly  in  some  spots  than  others  and  soon  burn 
out.  To  overcome  this,  the  filaments  were  placed  in  a  hydro- 
carbon vapor  and  current  sent  through  them  until  they  were 
brought  to  a  red  heat.  The  parts  that  were  small  in  cross- 
section  would  become  hotter  than  the  rest  of  the  filament, 
and  carbon  in  the  form  of  graphite  would  be  deposited  on 
these  parts,  thus  bringing  up  their  cross-section  and  making 
the  filament  uniform.  This  process  is  not  necessary  with 
modern  filaments  in  order  to  make  them  uniform,  but  it  is 
continued,  nevertheless,  because  it  has  been  found  that  the 
layer  of  graphitic  carbon  so  deposited  makes  the  lamp  have  a 
considerably  higher  efficiency  than  it  would  otherwise  have. 
The  layer  of  graphitic  carbon  is  a  much  poorer  radiator  of 
heat  than  the  body  of  the  filament,  and  thus  allows  the  tem- 
perature necessary  for  the  emission  of  light  to  be  main- 
tained with  a  less  expenditure  of  energy  than  would  the 
untreated  filament.  It  is  this  layer  of  graphitic  carbon  that 
gives  the  filaments  their  familiar  steel-like  appearance. 

11.  The  size  of  the  filament  dei)en(ls  altogether  on  the 
candlepower  of  the  lamp  and  the  voltage  and  current  with 
which  it  is  to  be  supplied.     The  lamp  shown  in  Fig.  1  is  one 
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of  10  candlepower,  such  as  would  ordinarily  be  used  on  a 
110-volt  circuit.  Such  a  lamp  would  require  about  ^  am- 
pere; hence,  from  Ohm's  law,  its 
resistance  when  hot  must  be  in  the 
neighborhood  of  230  ohms.  In  order 
to  get  such  a  high  resistance,  the  fila- 
ment must  be  long  and  fine.  Lamps 
designed  for  low  voltage  and  large 
current  would  be  provided  with  short, 
thick  filaments.  Fig.  i  shows  a  low- 
voltage  lamp  designed  to  take  about 
3i  amperes.  In  this  case  the  filament 
is   short   and    correspondingly   thick.  \'*. 

Tramps  with  thick  fihiments,  like  the  ~ 

one  shown  in  Fig.  4,  are  not  so  efficient 
as  those  with  long,  fine  filaments.  '" 

Fig.  i  shows  the  way  in  which  the  filaments  ;i 
mounted.  The  filament  is  fastened  to  the  platinum 
which  are  sealed  into  the  glass  and  thus  render  the  globe 
air-tight.  The  junction  between  the  filament  and  the  leading- 
in  wire  is  effected  by  means  of  carbon  paste;  this  paste  also 
enlarges  the  cross-section  of  the  joint,  so  that  the  heating  is 
small  compared  with  that  which  takes  place  in  the  filament 
itself,  and  the  leading-in  wires  are,  therefore,  kept  cuol. 


!  usually 


12.  The  Leadln^-Iii  Wli-es. — These  are  made  of  plati- 
num, because  this  metal  has  almost  exactly  the  same  coeffi- 
cient <)f  expansion  as  glass,  and  also  because  it  does  n()t 
oxidize.  If  the  glass  and  platinum  did  not  expand  at  the 
same  rate  when  heated,  cracks  would  form  at  the  point 
where  the  wires  are  sealed  into  the  glass.  This  would  let 
in  the  air  and  the  filament  woukl  soim  bum  out.  A  film  of 
oxide  on  the  leading-in  wires  would  alsu  tend  to  let  air 
leak  into  the  g!')bc,  and  ])latinum  docs  not  oxidize.  Only 
enough  platinum  is  used  to  ])ass  through  the  glass,  as  shown 
at  <i.  a.  Fig.  ;t.  Connection  is  made  to  the  base  by  means  of 
small  copper  wires  /',  h  fiise{l  to  the  platinum  at  c,  c.  In 
early  lamps,  the  whole  length  of  the  leading-in  wires  was  of 
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platinum,  but  this  practice  has  been  discontinued,  owing  to 
the  high  price  of  the  metal.  Substitutes  for  platinum  for 
the  leading-in  wires  have  been  brought  out  from  time  to 
time,  but  none  of  them  have  displaced  it  as  yet. 

13.  The  Bulb. — The  style  of  bulb  used  to  enclose  the 
filament  is  familiar  to  almost  everybody.  Different  shapes 
are  in  use,  but  by  far  the  most  common  is  the  pear-shaped 
bulb  shown  in  Fig.  1.  The  bulbs  should  not  be  made  too 
small,  because,  as  the  lamp  burns,  the  filament  gradually 
undergoes  disintegration  and  small  particles  of  carbon  are 
thrown  off  and  deposited  on  the  globe.  This  causes  the 
well-known  blackening  of  the  lamp,  and  if  the  bulb  is  very 
small  this  blackening  is  aggravated,  because  the  surface  is 
smaller  and  the  deposit,  for  that  reason,  more  dense. 

14,  Exhaustion. — Fig.  5  shows  a  lamp  after  the  stem 
carrying  the   filament  and  the  leading-in  wires  have  been 

sealed  into  the  bottom.  The  lamp  is 
now  ready  to  be  exhausted.  In  order 
to  accomplish  this,  a  small  glass  tube 
with  a  narrow  neck  at  a  is  sealed  into 
the  top  of  the  bulb.  This  tube  is  con- 
nected to  an  air  pump,  and  while  the 
r  is  being  exhausted  a  current  is  sent 
through  the  filament.  This  current  is 
'  gradually  increased  as  the  exhaustion 
progresses,  and,  by  heating  the  fila- 
ment, drives  out  any  air  that  may  have 
been  absorbed  by  the  carbon.  The 
operator  can  tell  by  the  performance  of 
the  lamp  when  the  proper  degree  of 
exhaustion  has  been  reached,  and  seals 
up  the  bulb  by  melting  the  glass  tube 
at  the  neck  a. 

Numerous  methods  have  been  devised 
for  the  exhaustion  of  lamps.  Ordinary 
mechanical  air  pumps,  i.  e.,  pumps  that 
exhaust  the  air  by  the  operation  of  a 
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plunger  in  conjunction  with  valves,  are  not  capable  of  pro- 
ducing a  sufficiently  high  degree  of  exhaustion.  They  are, 
however,  used  to  exhaust  the  greater  part  of  the  air,  and 
the  final  exhaustion  is  then  accomplished  either  by  means 
of  a  mercurial  air  pump  or 
by  the   chemical   method. 

The  principle  of  opera- 
tion of  the  Sprengel  mer- 
curial air  pump  is  shown 
by  Fig  0 ;  r  //  is  a  glass 
tube  with  a  T  joint  at  ,r, 
from  which  a  branch  tube 
leads  to  the  lamp.  The 
lower  end  of  the  tube  dips 
below  the  surface  of  the 
mercury  in  the  vessel  B. 
Mercury  is  allowed  to  run 
from  A  by  opening  the 
pinch-cock  r,  and  in  doing 
so  draws  the  air  out  of 
the  bulb  by  carrying  down 
a  stream  of  air  bubbles 
until  the  air  is  completely 
exhausted.  When  the  air 
has  become  exhausted,  the 
mercury  falls  from  the  top 
to  the  bottom  of  the  tube 
with  a  sharp  click.  This 
style  of  pump  is  capable 
of  producing  a  high  de- 
gree of  exhaustion,  but, 
unfortunately,  it  is  rather 
slow  in  its  action.  The 
pump  has  been  modified 
in  various  ways  to  adapt  it  to  commercial  work,  but  its 
action  is  briefly  as  outlined  above. 

Another   method   of  exhaustion,   known  as   the   chemical 
method,  has  recently  come  into  use,  and  has  rendered  the 
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process  of  exhaustion  much  more  rapid.  In  this  process, 
the  air  is  first  exhausted  to  quite  a  high  degree  by  mechan- 
ical pumps.  A  gas  is  then  introduced,  which  combines  with 
the  remaining  gases  and  renders  them  incapable  of  acting 
on  the  filament.  The  process  is  in  the  main  kept  secret; 
it  produces  a  vacuum  that  gives  as  good  results  as  that 
produced  by  a  mercurial  pump,  and  the  process  is  much  more 
rapid.  The  chemical  that  is  often  used  is  phosphorus,  a 
small  quantity  of  which  is  placed  in  the  stem  of  the  bulb 
and  heated  when  the  mechanical  pumps  have  produced  the 
proper  degree  of  exhaustion. 

15.  Bases.^After  the  lamp  has  been  exhausted,  it  is 
complete  with  the  exception  of  the  base  X.  Fig.  1.  with  which 
it  must  be  provided  in  order  that  it  may  be  readily  attached 
to  the  socket.  These  bases  are  usually  made  of  brass  and 
porcelain,  the  lamp  being  held  in  them  by  a  setting  of 
plaster  of  Paris  or  cement. 

In  Fig.  .i,  the  lower  part  of  the  lamp  is  made  of  such 
shape  that  the  base  will  be  held  securelv  when  the  plaster  of 
Paris  is  put  in  place.  The  rib  d  prevents  the  base  from  pull- 
ing off.     The  base  must,  of  course,  provide  two  terminals  for 


the  leads  frnm  the  fila 
S'.  that  when  the  ]a(n[: 
!«.-  made  with  twr.  v 
three  different  bases  c 


linaJs  being  arranged 
t.-  sni-kcl,  contact  will 
niinals.  There  are 
I  America;  these  are 
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the  Edison  ;  the  Thomson- Houston^  or  T.  //.,  as  it  is  more 
commonly  called;  and  the  Wcstinghousc^  or  Sawyer-Man, 
These  bases  are  shown  in  Fig.  7. 

16.  Fig.  7  {a)  shows  the  Edison  base,  of  which  there 
are  more  in  use  than  all  the  others  put  together.  One  end 
of  the  filament  is  attached  to 
the  outer  shell  /',  which  is 
provided  with  a  coarse  screw 
thread.  The  other  terminal 
is  connected  to  the  project- 
ing center  piece  /,  the  two 
brass  pieces  being  separated 
by  means  of  a  porcelain 
piece  c.  When  the  lamp  is 
screwed  into  the  socket,  the 
screw  shell  makes  one  con- 
nection and  the  center  piece 
the  other.  Fig.  8  shows  a 
lamp  screwed  into  an  ordi- 
nary Edison  key  socket. 

Fig.  7  {b)  shows  the  T.  H. 
iMise,  so  called  because  it  ^^"^^^^^^-^^ 
was  brought  out  by  the 
Thomson  -  Houston  Compa- 
ny. In  this  base,  one  ter- 
minal is  connected  to  a  center 
V)rass  piece  /  in  which  a  hole 
is  drilled  and  tapped.  The 
other  terminal  is  connected  to  the  brass  ring  /'.  This  base 
has  the  advantage  that  the  outer  shell,  if  one  is  used,  is  in 
no  %vay  connected  to  the  circuit,  and  there  is,  therefore,  less 
danger  of  receiving  a  shock  by  touching  the  lamp;  it  has 
been,  and  still  is,  used  to  a  considerable  extent,  though  it  is 
gradually  going  out  of  use,  as  it  is  more  expensive  to  make 
than  the  Edison  base.  It  works  looser  in  the  socket  a  little 
more  easily  than  the  Edison  base  when  the  lamp  is  sub- 
jected to  vibration.     When  placed  in  the  socket,  terminal  t 
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Socket  she// 
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screws  on  a  projecting  stud,  thus  making  one  connec- 
tion; the  other  connection  is  made  by  the  ring  /'  com- 
ing into  contact  with  a  corresponding  ring  or  terminal 
in  the  socket.  The  later  types  of  T.  H.  base  are  made 
of  pr>rcelain  with  a  brass  center  piece  and  outside  ring^  as 
described  above. 

Fig.  7  (c)  shows  the  Westinfirhoiuse  base«  or  the  Sawyer- 
Man  base,  as  it  is  s^>metimes  called,  because  it  was  orig- 
inally brought  out  by  The  Sawyer-Man  Company.  This 
base  is  similar  in  s<^>me  respects  to  the  Edison,  but  the 
outer  shell  is  not  threaded;  the  lamp  is  pushed  into 
the  socket,  the  outer  shell  slipping  into  a  split  bushing 
that  is  provided  with  an  annular  groove.  The  rib  d 
slips  into  this  groove  when  the  lamp  is  in  position  and 
prevents  the  lamp  slipping  out.  The  other  connection 
is  made  by  the  projecting  pin  /  coming  into  contact  with 
a  spring  in  the  socket.  This  base  has  the  fault  that  it 
sometimes  allows  the  lamp  to  drop  out  of  the  socket  if 
the  split  bushing  does  not  grip  the  rib  t/  properkp.  It 
also  makes  comparatively  poor  contacts,  which  b^ome 
worse  with  use. 

17.  When  incandescent  lamps  were  first  brought  into 
use  on  a  commercial  scale,  each  different  maker   had   his 

own  style  of  lamp  base,  and  the  result  was 
that  over  a  dozen  different  types  were  in 
use.  The  number  has,  however,  been  grad- 
ually reduced  until  the  three  mentioned 
above  probably  include  ov'er  95  per  cent, 
of  all  the  bases  in  use  in  America.  The 
chances  are  that  in  a  few  years  the  Edison 
base  will  have  replaced  the  others,  because, 
FIG.  9.  taking  everything  into  consideration,  it  is 

the  best  base  of  the  three.  Even  plants  that  are  equipped 
with  sockets  of  othc^r  makes  are  fitting  them  with  adapters 
so  that  they  may  be  able  to  use  Edison  base  lamps.  Fig.  9 
shows  an  adapter  for  changing  T.  II.  sockets  to  take  lamps 
with  the  Edis<jn  base. 


§  IG  ELECTRIC  LIGHTING.  13 

m:elv8uiiemext8  and  lamp  calculations. 


LIGHT  MEASUREMENTS. 

18.  Incandescent  lamps  are  usually  spoken  of  as  giving 
a  certain  number  of  candlepower.  For  example,  a  lamp  is 
spoken  of  as  giving  16  candlepower  when  it  produces  an 
intensity  of  illumination  equal  to  that  produced  by  16  stand- 
ard candles. 

19,  The  unit  of  brightness  most  commonly  used  is  a 
spermaceti  candle  of  standard  dimensions.  Standard  can- 
dles are  .9  inch  in  diameter  at  the  base,  .8  inch  in  diameter 
at  the  top,  and  10  inches  long;  they  burn  120  grains  of 
spermaceti  and  wick  combined  per  hour.  Six  candles 
weigh  1  pound.  The  candle  is  not  a  very  satisfactory 
standard,  as  it  is  subject  to  considerable  variation,  and 
other  standards  have  been  brought  out  to  replace  the 
candle  in  practical  work.  Various  kinds  of  gas  and  oil 
lamps  have  been  used  for  this  purpose,  which,  although  less 
liable  to  fluctuations  than  the  candle,  have  not  yet  super- 
seded it. 

The  Metliveii  screen  is  a  convenient  standard  that  has 
been  used  largely.  This  standard  consists  of  an  Argand  gas 
burner  that  is  provided  with  a  screen  that  cuts  off  all  the 
light  from  the  flame  except  that  of  a  small  portion  that  is 
allowed  to  come  through  a  thin-edged  standard  opening  in 
the  screen.  The  size  of  the  opening  is  .233  inch  wide 
and  1  inch  long.  The  height  of  the  flame  is  3  inches  and 
the  screen  is  placed  1^  inches  from  the  axis  of  the  flame.  It 
is  evident  that  the  light  given  by  a  standard  of  this  kind 
will  vary  considerably  with  the  quality  of  the  gas  used,  and 
while  it  may  not  be  reliable  as  an  absolute  standard,  it  makes 
a  very  good  working  standard  after  its  candlepower  is  known 
by  comparing  it  with  a  standard  candle.  A  slit  of  the  above 
size  should  emit  about  2  candlepower. 

One  of  the  best  light  standards  is  the  aniyl-aeetate  or 
Hefner  unit.  This  lamj>  consists  of  a  small  reservoir  pr<j- 
vided  with  a  wick  tube  of  standard  size.      The  lamp  burns 
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amyl  acetate  and  the  flame  is  adjusted  until  its  tip  is  40  milli- 
meters above  the  top  of  the  wick  tube.  This  standard  is 
very  reliable  and  is  subject  to  little  variation.  It  has  the 
disadvantage  of  giving  a  light  of  reddish  tinge.  The  Hefner 
imit  is  not  quite  as  large  a  unit  of  light  as  the  English  candle, 
the  relation  being  1  candle  =  1.14  Hefner  units. 

For  photometric  tests  connected  with  electric-light  sta- 
tions, neither  the  candle  nor  the  amyl-acetate  lamp  is  used 
as  a  working  standard. 

The  general  practice  is  to  standardize  either  an  incan- 
descent lamp  or  an  oil  lamp  by  comparing  it  with  the  standard 
and  then  use  the  lamp  so  calibrated  for  the  actual  work. 
For  example,  an  incandescent  lamp  might  be  carefully  com- 
pared with  a  standard  candle  and  its  candlepower  accurately 
determined  for  a  given  voltage.  This  lamp  could  then  be 
used  as  a  standard  in  measuring  the  candlef)ower  of  other 
lamps,  provided  its  voltage  were  maintained  at  the  correct 
value.  A  secondary  standard  of  this  kind  is  very  much  easier 
to  work  w^ith  and  cheaper  to  operate  than  either  a  standard 
candle  or  amyl-acetate  lamp.  An  oil  lamp  may  also  be 
calibrated  in  the  same  way  and  makes  a  satisfactory  second- 
ary standard  for  practical  measurements  when  extreme 
accuracy  is  not  required. 

20.  In  order  to  determine  the  candlepower  of  an  incan- 
descent lamp,  we  must  have  some  means  of  comparing  the 
intensity  of  illumination  produced  by  the  lamp  with  that 
produced  by  the  standard.  An  instrument  for  doing  this  is 
called  a  pliotoineter. 

*41,  T.tfi>v  of  the  Photometer. — Suppose  that  we  have  a 
candle  placed  at  A,  F'\^.  10,  and  hold  a  screen  />  at  a  dis- 
tance of,  say,  2  feet  from  it.  The  screens  are  here  shown 
bent  so  as  to  represent  portions  of  spherical  surfaces  with  A 
at  the  center. 

Consider  the  portion  oi  the  screen  a  bed.  The  intensity 
of  illumination  on  the  area  a  b  c  d  will  be  a  certain  amount. 
Now,  supf>ose  the  screen  to  be  moved  back  to  the  position  C^ 
4  feet  from  A.     The  total  amount   of  light  that  fell  on  the 
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area  abed  will  now  be  distributed  over  the  area  a^  V  c'  d\ 
The  area  a*  b*  c'  d'  is  four  times  that  oi  a  b  c  d^  because  A  m 
is  twice  A  y  and  ;//  //  is  twice  f  g  or  b'  c'  is  twice  b  c.  The 
total  quantity  of  light  falling  on  the  two  surfaces  is  the  same, 
and  since  the  area  of  a'  b'  c'  d'  is  four  times  that  oi  a  be d^  it 


'4feer. 


Fig.  10. 

follows  that  the  light  per  unit  area  or  the  intensity  oi  ilhimi- 
nation  on  a'  b'  e'  d'  is  only  one-cjuartcr  that  on  a  b  c  d.  In 
other  words,  doubling  the  distance  of  the  screen  from  the 
source  has  cut  down  the  intensity  of  ilhimination  to  one- 
fourth  its  former  value.  If  the  distance  A  ///  were  three 
times  as  great  as  A  f^  the  intensity  of  illumination  would  he 
one-ninth  that  on  a  b  c  d.  This  law  may  then  be  stated  as 
follows: 

T/ie  intensity  of  illitminat ion  produced  by  a  source  of  lii^/it 
ON  any  object  varies  inversely  as  tJie  square  of  the  (iistance  of 
the  olfect  from  the  source. 

The  word  inversely  is  used  to  signify  that  the  i^reaier  the 
distance,  the  less  is  the  illumination.  This  may  be*  also 
expressed  as  follows:  If  x  is  the  illumination  produccrd 
and  /is  the  brightness  of  the  source  of  Hght,  then 

/ 


X 


d'' 
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This  means,  for  example,  that  the  illumination  of  the  sur- 
face will  be  doubled  if  the  candlepower  of  the  source  is 
doubled  and  that  it  will  be  one-quarter  as  great  if  the  dis- 
tance from  the  source  is  doubled. 


22.  Elementary  Photometer. — Suppose,  now,  that  we 
have  two  sources  of  light,  such,  for  example,  as  a  candle  and 
an  incandescent  lamp,  and  that  we  wish  to  compare  the 
brightness  of  these  two  sources.  If  the  candle  A  and  the 
lamp  B  are  placed  in  a  dark  room,  so  that  there  will  be  no 
other  light  to  interfere,  and  a  screen  C  is  placed  between 
them,  as  shown  in  Fig.  11,  one  side  of  the  screen  will  be 
illuminated  by  the  candle  and  the  other  by  the  lamp.  If 
the  candle  and  lamp  were  exactly  of  the  same  brightness,  it 
is  evident  that  the  two  sides  of  the  screen   would  be  equally 
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Fig.  11. 


illuminated  when  placed  midway  between  them.  If  the 
screen  is  mounted  so  that  it  can  be  slid  along  between  the 
lights,  a  point  can  always  be  found  where  the  screen  will  be 
equally  illuminated  on  both  sides.  In  the  present  case,  the 
screen  would  have  to  be  moved  nearer  the  candle  than  the 
lamp,  because  the  candle  is  not  as  bright  as  the  lamp. 
Suppose  that  the  screen  has  been  adjusted  so  that  the 
illuminatit)n  is  equal  on  each  side,  and  that  the  distances  t/^ 
and  f/^  have  been  read  off  by  means  of  the  scale  .V,  d^  being 
the  distance  from  the  screen  to  the   standard  candle  and  e/^ 
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the   distance    from   the   screen  to  the  light    that   is  being 
measured. 

Let  JT,  be  the  degree  of  illumination  produced  on  one  side 
and  x^  that  on  the  other,  and  /,  and  /,  the  candlepowers  of 
the  standard  and  the  light  being  measured,  respectively. 
Then  from  formula  1,  we  have 

X,  =  ^,  and  ^,  =  /, : 

but    since  the  illuminations  on  the  two  sides  are  equal,  we 
must  have 

d:  -  <•• 

Now,  the  candlepower  /,  of  the  standard  is  supposed  to  be 
known,  and  since  the  distances  are  also  known,  the  candle- 
|X)wer  /,  of  the  lamp  being  measured  can  at  once  be  cal- 
culated. For  this  purf)ose,  it  is  more  convenient  to  have 
the  last  equation  in  the  form 

h  =  A  ^1-  (2*) 

33,  The  arrangement  shown  in  Fig.  11  is  a  simple  form 
of  photometer,  and  formula  3  expresses  the  relation  between 
the  candlepower  of  the  standard  and  that  of  the  lamp  being 
measured.  This  may  be  written  in  the  form  of  a  rule,  as 
follows : 

Rule. —  The  candlepower  of  the  lamp  being  tested  on  a 
photometer  is  found  by  multiplying  the  candlepower  of  the 
standard  by  the  quotient  obtained  by  dividing  the  square  of 
the  distance  of  the  lamp  from  the  screen  by  the  square  of  the 
distance  of  the  standard  from  the  screen. 

Example. — Suppose,  in  Fig.  11,  that  A  is  a  standard  candle  giving 
1  candlepower  and  that  B  is  an  incandescent  lamp.  The  screen  is 
moved  until  a  point  is  found  where  the  two  sides  are  equally  illumi- 
nated. The  reading  on  the  scale  then  shows  that  the  distance  from  the 
standard  is  20  inches.  The  total  distance  between  the  lamps  is 
100  inches.     What  is  the  candlepower  of  B  ? 

J.    IIL- 
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SoLUTioK. — If  the  total  length  of  the  photometer  is  100  inches,  the 
distance  from  the  lamp  to  the  screen  must  be  100  —  30  =  80  inches. 
The  candlepower  of  the  standard  is  1 ;  hence,  substituting  in  formula  S, 

/.  =  lX^=16c.  p.    Ans. 


24.  The  Bnnsen  Photometer. — The  Bunsen  photom- 
eter has  been  more  largely  used  than  any  other.  It  is 
very  simple  and  is  capable  of  giving  good  results  if  used 
proi>erly.  The  arrangement  of  the  different  parts  is  essen- 
tially the  same  as  that  shown  in  Fig.  11,  but  the  distin- 
guishing feature  of  this  photometer  lies  in  the  style  of  screen 


F[C. 


used.  It  would  be  a  ditficult  matter  tti  tell  when  a  simple 
screen  like  that  shown  in  Fig.  11  was  illuminated  equally  on 
both  sides,  and  to  overcome  this  difficulty  Prof.  Bunsen 
devised  the  screen  shown  in  Fig.  13.  The  screen  is  made 
by  taking  a  piece  of  goiid  quality  of  while  paper  and  making 
a  grease  sjKit  in  its  center,  as  indicated  by  the  star  in  Fig.  12. 
If  such  a  screen  be  held  so  that  the  front  side  is  more  strongly 


§  16  ELECTRIC  LIGHTING.  19 

illuminated  than  the  back  side,  the  grease  spot  will  appear 
dark  on  the  white  ground  of  the  paper,  as  shown  in  (a).  If, 
however,  the  screen  be  more  brightly  illuminated  on  the 
back  side,  as,  for  example,  if  it  were  held  between  the  eye 
and  a  window,  the  grease  spot  will  appear  light  on  a  dark 
ground,  as  shown  in  (d).  If  such  a  screen  is  mounted  in 
place  of  the  screen  5  in  Fig.  11,  and  arranged  so  that  both 
sides  may  be  seen  at  once,  the  grease  spot  will  disappear 
almost  entirely  when  the  two  sides  of  the  screen  are  equally 
illuminated.  In  order  to  facilitate  the  observation  of  the 
screen,  it  is  usually  arranged  with  two  mirrors  mounted  at 
a  slight  angle  to  it,  as  shown  at  MM  in  (r).  5  is  the  screen 
with  the  grease  spot,  and  the  observer  looks  at  the  reflection 
of  the  two  sides  of  the  screen  in  the  mirrors  instead  of  the 
screen  itself.  This  screen  with  the  mirrors  is  mounted 
in  a  box,  which  is  open  at  the  ends  to  admit  the  light  from 
the  sources  and  which  is  also  provided  with  an  opening  in 
the  front  to  enable  the  observer  to  see  the  reflections  of  the 
screen. 

25.  Fig.  13  shows  the  arrangement  of  the  parts  of  a 
simple  photometer  of  the  Bunsen  type  designed  by  Ehner 
G.  Willyoung  for  use  in  connection  with  lighting  stations. 
A^  the  standard — in  this  case  an  incandescent  lamp  of  accu- 
rately known  candlepower — is  at  one  end,  and  />,  the  light  to 
be  measured,  at  the  other;  D  is  the  bar  on  which  the  carriage 
containing  the  screen  slides.  The  part  D  is  usually  spoken 
of  as  the  photoiueter  iMir.  /:  is  the  carriage  containing 
the  Bunsen  screen.  The  motor  F  is  used  to  spin  the  lamp  U 
while  measurements  are  being  made;  the  reason  for  doing 
this  will  be  explained  later.  G  and  //  arc  two  adjustable 
resistances  for  keeping  the  voltage  applied  to  the  lamps  at 
the  proper  value. 

26,  Fig.  14  shows  a  Deshlcr-McAllister  phot<Mueter — 
a  simple  instrument  that  has  been  quite  largely  used  by 
lighting  stations  for  testing  the  light-giving  cjualities  of  the 
lamps  they  are  using.     The  principal  dilference  between  this 
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instrument  and  the  one  previously  described  is  that  an  oil 
lamp  A  is  used  as  a  working  standard  instead  of  an  incan- 
descent lamp.  The  bar  is  also  provided  with  a  scale  reading 
directly  in  candlepower,  though  the  Willyoung  instrument 
could  also  be  provided  with  a  direct-reading  scale  if  desired. 
One  objection  to  using  an  incandescent  lamp  as  a  light 
standard  is  that  its  voltage  must  be  constantly  watched  and 
kept  at  the  proper  amount.  It  is  largely  to  get  around  this 
difficulty  that  the  oil  lamp  A  is  used.  This  is  an  ordinary  oil 
lamp  provided  with  a  double  wick  and  an  adjustable  screen  5, 
by  means  of  which  the  upper  and  lower  ragged  edges  of  the 
flame  are  cut  off.  K,  K  are  standard  incandescent  lamps 
that  have  been  accurately  calibrated  at  the  lamp  factory  and 
of  which  the  candlepower  at  the  voltage  marked  on  them 
is  known.  Each  of  these  standard  lamps  in  succession  is 
placed  at  B  and  the  pointer  of  the  carriage  set  at  the  point 
on  the  bar  corresponding  to  the  candlepower  marked  on  the 
lamp.  The  voltage  at  the  lamp  is  then  adjusted  by  means 
of  the  rheostat  G  until  it  corresponds  exactly  with  that 
marked.  When  this  has  been  done,  the  screen  5  in  front  of 
the  flame  of  A  is  adjusted  until  the  grease  spot  is  balanced. 
The  lamp  A  is  then  of  the  same  candlepower  as  the  standard 
and  may  be  used  for  the  measurement  of  other  lamps,  since 
after  it  is  once  adjusted  it  is  not  likely  to  change,  though  it 
should  be  checked  up  now  and  then  to  make  sure  that  it 
does  not  do  so.  The  object  in  having  a  number  of  standard 
lamps  K  instead  of  one  only  is  to  have  a  check  against  any 
errors  that  might  be  caused  by  changes  in  the  lamps. 
Screens  Z,,  L  are  provided  to  cut  off  the  light  from  the 
observer's  eyes  and  a  motor  F  is  used  to  rotate  the  lamp. 
These  station  photometers  arc  not  expensive,  and  if  prop- 
erly used,  are  of  great  value  in  detecting  poor  lamps. 

27.  After  a  person  has  become  accustomed  to  the 
photometer,  good  results  can  be  obtained  provided  the 
following  conditions  are  fulfilled : 

1.  The  lights,  both  the  standard  and  the  light  being 
measured,  should  be  steady. 


22  ELECTRIC  LIGHTING.  §  16 

2.  The  standard  and  the  light  being  measured  should  be 
of  approximately  the  same  color. 

3.  The  brightness  of  the  light  being  measured  and  that 
of  the  standard  should  not  differ  to  an  extreme  degree ;  for 
example,  good  results  could  not  be  expected  if  an  attempt 
were  made  to  compare  an  arc  lamp  with  a  candle. 

Most  ordinary  photometer  bars  are  fitted  with  a  scale 
divided  into  equal  divisions,  as  shown  in  Fig.  11,  so  that  the 
distances  may  be  read  off  and  the  candlepower  calculated 
from  these  distances  and  the  known  candlepower  of  the 
standard.  If  the  standard  used  is  always  of  the  same 
value,  it  is  evident  that  the  bar  might  be  graduated  to  read 
directly  in  candlepower,  as  in  the  photometer  shown  in 
Fig.  14.  Where  a  large  number  of  lamps  are  to  be  tested,  this 
can  usually  be  done,  as  the  same  standard  can  be  used  all 
the  time  and  readings  taken  rapidly  from  the  bar  as  soon 
as  the  setting  of  the  screen  is  made.  Many  modifications  of 
the  photometer  have  been  made,  but  the  above  will  give  a 
general  idea  of  the  principles  involved  and  of  some  of  the 
forms  especially  useful  in  connection  with  electric-light 
stations. 


LIGHT  DISTRIBUTION. 

28.  Mean  Horizontal  Candlepow^er. — If  an  incandes- 
cent lamp  be  set  upon  a  photometer  and  its  candlepower 
measured,  it  will  be  found  that  different  values  for  the  can- 
dlepower will  be  obtained,  depending  on  the  position  of  the 
lamp  and  the  shape  of  the  filament.  For  example,  in  Fig.  15 
the  brightness  of  the  lamp  in  the  different  horizontal 
directions  7,  2^  S^  4,  etc.,  would  not  be  the  same.  The  can- 
dlepower given  out  in  the  different  horizontal  directions 
along  any  line,  such  as  those  shown  in  Fig.  15,  is  known  as 
the  horizontal  oandlolK)^ver  for  that  position.  The  mean 
or  average  horizontal  candlepower  is  the  average  value  of 
these  different  readings.  This  mean  horizontal  candlef)ower 
is  sometimes  obtained  by  takiiiix  the  reading  from  the  lamp 

die  it  is  rapidly  revolved  about    its  vertical  axis.     The 
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photometers  just  described  are  arranged  so  that  the  lamp 
may  be  revolved  at  the  rate  of  about  180  revolutions  per 
minute,  thus  giving  the  average,  or  mean,  horizontal  candle- 
power.  The  horizontal  candlepower  does  not  vary  greatly 
in  different  directions  with  lamps  as  now  constructed.     This 


Fig.  15. 

is  shown  by  the  irregular  curve  (Fig.  15).  The  distance  of 
the  points  on  this  curve  from  the  center  represents  the  can- 
dlepower in  the  direction  of  the  radius  from  that  point,  and 
if  the  candlepower  were  the  same  in  all  directions,  this  curve 
would  become  a  circle. 


:5 


29.  Tertlcal  Distribution. — Fig.  IG  shows  the  readings 
for  the  candlepower  obtained  in  a  vertical  plane  with  a 
filament  in  the  position 
shown.  It  will  be  no- 
ticed that,  viewed  from 
position  i,  the  candle- 
power  is  practically  zero, 
because  the  light  is 
almost  completely  cut 
off  by  the  base  of  the 
lamp.  At  points  2  and 
^  it  is  a  maximum,  be- 
cause viewed  from  these 
points  the  maximum 
amount  of  the  filament  is  ^^^^-  lo- 

seen.  At  point  3  the  candlepower  again  drops  off,  because 
here  the  filament  is  seen  end  on.  The  curve  of  horizontal 
distribution  gives  an  idea  as  to  how  the  lamp  throws  light 
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in  a  horizontal  plane,  and  the  curve  of  vertical  distribution 
shows  how  the  lamp  behaves  as  to  throwing  the  light  up  or 
down.  In  speaking  of  the  candlepower  of  an  incandescent 
lamp,  the  mean  horizontal  candlepower  is  usually  meant, 
and  this  is  most  readily  obtained  by  spinning  the  lamp  as 
described  above.  In  many  cases,  however,  it  is  customary 
to  measure  the  candlepower  in  one  direction  only,  and  the 
^rror  in  doing  so  is  not  usually  very  great,  because  filaments 
are   nearly  always   twisted   and   the  candlepower  does  not 
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vary  greatly  when  the  lamp  is  vi#wed  from  different  direc- 
tions. In  case  the  lamp  is  not  revolved  when  measurements 
are  being  taken,  it  should  be  adjusted  with  the  plane  of  its 
filament  at  such  an  angle  to  the  photometer  bar  as  will  give 
the  mean  candlepower.  For  example,  in  Fig.  17  suppose 
that  A  B  represents  the  axis  of  the  bar  and  that  we  are 
looking  down  on  the  top  of  the  lamp.  The  line  C  D  will 
indicate  the  relative  position  of  the  plane  of  the  filament. 
The  angle  a  at  which  the  filament  should  be  inclined  will 
depend  on  the  style  of  filament  used.  For  plain  loop  fila- 
ments it  should  be  about  60°  and  for  spiral  filaments  30°. 

30.  Mean  Spherical  Candlepower. — It  has  just  been 
shown  that  the  intensity  of  illumination  given  by  a  lamp  in 
different  horizontal  directions  varies.  Also,  its  value  is 
different  for  the  various  directions  taken  in  any  vertical 
plane  passing  through  the  axis  of  the  lamp.  If  we  imagine 
a  lamp  hung  so  that  it  may  be  viewed  from  any  direction,  it 
is  clear  that  if  we  viewed  it  from  any  number  of  different 
points  we  would  get  different  values  for  the  candlepower. 


§  16  ELECTRIC  LIGHTING.  25 

If  we  took  a  large  number  of  such  readings  at  regular 
intervals  and  averaged  them  up,  we  would  have  what  is 
known  as  the  mean  spherical  candlepower  of  the  lamp. 
In  other  words,  the  mean  spherical  candlepower  represents 
that  intensity  of  illumination  to  which  the  irregular  illumi- 
nation of  the  lamp  would  be  equivalent  if  it  were  an 
average  candlepower  given  out  uniformly  in  ^all  directions. 
In  connection  with  commercial  measurements  on  incandes- 
cent lamps,  the  mean  spherical  candlepower  is  not  used  to 
any  great  extent.  It  is  used  more  in  connection  with  arc 
lamps.  One  arc  lamp  may  give  a  widely  different  spherical 
distribution  from  another,  and  in  comparing  such  lamps,  the 
mean  spherical  candlepower  forms  the  fairest  basis  of 
comparison. 

31,  Incandescent  lamps  are  made  in  a  variety  of  sizes, 
the  most  common  candlepowers  being  4,  8,  10,  IG,  20,  32,  50, 
and  100.  The  16-candlepower  lamp  is  the  one  most  generally 
used.  Small  lamps  of  ^,  1,  and  2  candlepower  are  also  used 
for  decorative  and  advertising  purposes. 


PROPERTTES  OF  INCANDESCENT  I^AMPS. 

32.  Temperature. — The  temperature  at  which  the  fila- 
ment of  a  lamp  is  worked  may  be  anywhere  from  1,250"  to 
l^SoO"^  C.  The  hotter  the  filament  is  worked  the  greater  is 
its  light-giving  power  per  watt  consumed.  Of  course,  it  is 
desirable  to  operate  a  lamp  so  that  it  will  give  a  large 
amount  of  light  per  watt,  provided  this  can  be  done  without 
injuring  the  lamp.  At  a  temperature  of  about  1,350°,  an 
ordinary  lamp  will  give  about  J  candlepower  per  watt  con- 
sumed; a  l(>-candlepower  lamp  would  at  this  rate  take 
48  watts,  or  3  watts  per  candle.  At  a  temperature  of  1,300'', 
the  same  lamp  might  give  about  \  candlepower  per  watt 
and  thus  require  04  watts  for  its  operation.  Although  it  is 
thus  advantageous,  as  far  as  power  consumption  goes,  to 
work  the  lamp  at  a  high  temperature,  it  is  found  that  if  the 
temperature  is  pushed  too  high,  the  life  of  the  lamp  is  greatly 
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shortened.  On  the  other  hand,  if  the  lamp  is  worked  at  a 
very  low  temperature;  it  gives  a  small  amount  of  light  com- 
pared with  the  power  consumed,  and  although  its  life  may  be 
long,  it  is  not  satisfactory  as  a  light-giving  source. 

33,  Efficiency. — When  the  efficiency  of  an  incandescent 
lamp  or  arc  lamp  is  spoken  of,  the  power  consumption  per 
candlepower  is  meant.  For  example,  if  an  incandescent 
lamp  required  3.5  watts  for  each  mean  horizontal  candle- 
power,  its  efficiency  would  be  3.5,  or  it  would  be  spoken  of 
as  a  3.5-watt  lamp.  This  is  not  a  very  satisfactory  method 
of  expressing  efficiency,  because,  according  to  this,  the  larger 
the  power  consumption  per  candlepower,  the  greater  is  the 
efficiency;  while  in  point  of  fact  just  the  reverse  is  the  case. 
A  much  better  way  to  give  the  efficiency  would  be  to  express 
it  as  so  many  candlepower  per  watt,  and  in  some  cases  it  is 
expressed  this  way.  Evidently,  the  greater  the  number  of 
candlep>ower  per  watt  consumed,  the  greater  is  the  efficiency. 
At  present,  however,  efficiency  is  nearly  always  expressed  as 
so  many  watts  per  candle.  The  power  consumption  per 
candlepower  varies  considerably.  If  the  filament  is  worked 
at  a  high  temperature,  we  may  get  1  candlep)ower  for  every 
2.75  watts  expended,  or  even  less,  but  such  lamps  are  apt  to 
have  a  short  life  and,  in  any  event,  require  very  steady 
voltage  regulation.  In  ordinary  work,  lamps  give  about 
.3  candlepower  per  watt,  i.  e.,  they  require  about  3.33  watts 
per  candlepower.  This  is  a  fair  value  for  the  power  con- 
sumption of  an  ordin'ary  lamp.  A  lamp  may  take  as  low  as 
3  or  3.1  watts  per  candlepower  when  first  installed,  but  its 
light-giving  properties  fall  off  after  it  has  been  in  operation 
for  a  time  and  the  power  consumption  may  run  up  as  high 
as  3.8  or  even  4  watts  per  candle.  From  3.3  to  3.5  watts  per 
candlepower  is,  therefore,  a  fair  average. 

34.  Connections  for  Tost  In  jf. — When  testing  lamps,  a 
careful  record  should  be  kept  of  the  length  of  time  they  have 
burned,  also  of  the  voltage  and  current.  With  this  data  at 
hand,  together,  of  course,  with  the  readings  of  candlepower 
as  given  by  the  photometer,  the  efficiency  of  the  lamp  at  any 
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time  during  the  test  may  be  at  once  determined.  Accurate 
instruments  must  be  used,  and  their  scales  should  be  so 
divided  that  the  ammeter  or  mil-ammeter  may  be  read  to 
y  J,nr  ampere  and  the  voltmeter  to  ,\y  volt.  A  variable  resist- 
ance should  also  be  inserted  in  series  with  the  lamp  so  that 
the  voltage  across  the  lamp  terminals  may  be  kept  nearly 
constant. 

Fig.  18  shows  the  general  scheme  of  connections.  The 
ammeter  A  is  connected  in  series  with  the  lamp  and  the  volt- 
meter F  across  its  terminals.  Readings  o(  A  arc  taken  with 
the  voltmeter  cut  out,  so  that  A  does  not  measure  the  cur- 
rent   through   the   voltmeter   as   well  as  that  through   the 
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lamp.  A  good  ammeter  and  voltmeter  are  t(^  be  preferred  to 
a  wattmeter  for  this  kind  of  work,  as  the  results  are  more 
likely  to  be  accurate.  Continuous  current  should,  if  p()ssii)le, 
be  used  for  all  testing,  as  alternating-eurrent  instruments 
are  more  likely  to  lead  to  inaccurate  results.  Current  sup- 
plied from  a  continuous-current  dynamo  running  at  constant 
speed  may  be  used,  but  it  will  be  found  more  satisfactory  to 
use  current  from  a  storage  battery  if  it  ran  be  obtained,  as 
the  latter  current  is  perfectly  stc^ady.  Readings  of  candle- 
power,  current,  and  voltage  should  be  taken  as  nearly  simul- 
taneously as  possible. 
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35,  Ltamp  Estimates. — With  an  average  power  con- 
sumption of  3.3  watts  per  candlepower,  a  10-candlepower 
lamp  would  require  IH  x  3.3  =  52.8  watts.  The  current 
that  the  lamp  will  require  will  depend  on  the  voltage  at 
which  it  is  operated.  The  current  in  any  case  can  be 
obtained  by  the  following  formula  or  rule : 

C  =  £^^,  (.3.) 

in  which    C/^=  candlepower,    ^F=  watts  per  candlepower, 
and  V  the  voltage  across  the  lamp  terminals. 

Rule. — Mi4ltiply  the  candlepower  of  the  lamp  by  the  watts 
per  candlepower  and  divide  by  the  voltage  at  which  the  lamp 
is  designed  to  operate. 

Example. — A  32-candlepower  lamp  requires  3.5  watts  per  candle- 
p>ower  and  is  designed  to  operate  at  a  pressure  of  110  volts.  What  will 
be  the  current  taken  by  the  lamp  and  what  will  be  the  resistance  of  the 
lamp  when  hot  ? 

Solution. — From  the  above  rule,  we  have 

Current  =  '  ^  ^^r.      =1.02  amperes,  nearly.     Ans. 

E  E 

From  Ohm's  law  we  have  C  =  7^,  or  /?  =  -r, ; 

A  C 

hence.  Resistance  =  :p-^  =  107.8  ohms.     Ans. 

Note. — The  value  of  tho  resistance  of  an  incandescent  lamp  obtained 
by  dividing  the  E.  M.  F.  by  the  current  flowing  through  it  gives  the  hot 
resistance.  The  resistance  of  carbon  decreases  as  the  temperature 
increases.  Since  the  temj^erature  is  high  in  an  incandescent  lamp,  the 
cold  resistance  is  very  much  higher  than  the  hot;  it  may  be  almost 
double  the  hot  resistance.  In  practical  work,  we  are  not,  as  a  rule, 
concerned  directly  with  the  cold  resistance  of  the  lamps,  and  when  the 
resistance  is  spoken  of,  the  hot  resistance  is  meant.  A  16-candle- 
power  110-volt  lamp  has  a  hot  resistance  in  the  neighborhood  of  220  to 
250  ohms. 

Small  incandescent  lamps  require  a  larger  number  of  watts 
per  candlepower  than  large  ones.  For  example,  a  4-candle- 
powcr  lamp  requires  in  the  neighborhood  of  20  watts ;  a  O-can- 
dlepower,  25  watts;  an  S-candlepowcr,  \Vl  watts;  and  a  10-can- 
dlepower, 37  watts.     In  general,  then,  the  substitution  of  a 
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small  lamp  for  a  larger  one  will  result  in  a  saving  in  power, 
but  not  in  direct  proportion.  For  example,  if  an  8-candle- 
power  lamp  were  substituted  for  a  16-candlepower,  the  power 
consumption  might  be  reduced  from  about  52.8  watts  to 
32  watts  and  the  candlepower  would  be  cut  down  one-half. 

36.  If  we  allow  for  loss  in  the  line,  it  will  probably 
require  at  least  f50  watts  at  the  dynamo  terminals  for  every 
IG-candlepower  lamp  operated.  Hence,  if  the  output  of  the 
dynamo,  in  kilowatts,  is  known,  the  number  of  IG-candle- 
power  lamps  that  it  is  capable  of  operating  may  be  obtained 
approximately  by  the  following  formula  or  rule : 

^j        r.^           1                K IV  X  1,000  ... 

No.  of  16-c.  p.  lamps  =  — ,  (4:.) 

in  which  A'  IV  is  the  capacity  of  the  dynamo  in  kilowatts. 

Rule. — Multiply  the  capacity  of  the  dynamo  in  kilowatts 
by  1,000  and  divide  the  result  by  60,  The  quotient  will  give 
approximately  the  number  of  IG-c,  p.  lamps  that  the  machine 
is  capable  of  operating. 

Example  1. — About  how  many  10-candlepower  lamps  should  a 
r2-kilowatt  dynamo  be  capable  of  operating  ? 

Solution.— 

TVT      K       /I  12x1.000 

Number  of  lamps  = ^tt =  200.     Ans. 

Sometimes  the  output  of  the  dynamo  is  given  in  volts  and  amperes 
instead  of  in  kilowatts.  In  such  cases,  the  output  in  7iuitts  is  easily 
obtained  by  multiplying  the  volts  by  the  amperes,  and  the  number  of 
16-candlepower  lamps  that  the  dynamo  can  operate  may  then  be 
obtained  by  dividing  by  60  as  before. 

Example  2. — A  dynamo  is  capable  of  delivering  an  output  of 
70  amperes  at  a  pressure  of  115  volts.  About  how  many  IG-candle- 
power  lamps  can  it  run  ? 

Solution. — The  output  in  watts  will  be  115  x  "0  =:  8.050,  and  since 
each  lamp  requires  ab<^)ut  60  watts,  the  capacity  of  the  machine  will  be 
i^J"  =  134.     Ans. 

Note. — When  the  capacity  of  a  dynamo  is  given  as  so  many  lamps, 
16-candlepower  lamps  are  always  meant.  If  Ii2-candlepower  lamps  are 
operated,  each  32-candlepower  lamp  should  be  counted  as  the  equiva- 
lent of  2  of  16-candlepower. 
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37,  The  number  of  indicated  horsepower  required  at  the 
steam  engine  to  operate  a  given  number  of  lamps  will 
depend  on  the  amount  of  power  lost  in  the  dynamo  and 
engine.     The  approximate  rule  given  above  supposes  that 

00  watts  are  required  at  the  terminals  of  the  dynamo  for 
each  lamp  operated.  There  will  be  some  loss  in  the  dynamo 
and  in  the  engine,  so  that  the  indicated  power  per  lamp  at 
the  cylinder  of  the  engine  must  be  more  than  GO  watts. 
Just  what  this  indicated  power  per  lamp  must  be  will  depend 
on  the  combined  efficiency  of  the  engine  and  dynamo,  and 
this  will,  in  turn,  depend  on  the  size  and  type  of  engine  and 
dynamo.  Generally  speaking,  ten  16-candlepower  lamps  can 
be  operated  per  indicated  horsepower;  this  number  may  be 
exceeded  somewhat  with  very  economical  engines  and  dyna- 
mos, while,  on  the  other  hand,  with  poor  apparatus  the  lamps 
per  indicated  horsepower  may  fall  below  the  number  given. 

Example. — An  isolated  plant  is  to  be  installed  for  operating  850 
16-candlepower  lamps,  {a)  What  should  be  the  indicated  horsepower 
of  the  engine  ?  {/j)  What  should  be  the  approximate  capacity  of  the 
dynamo  in  kilowatts  ? 

Solution. — (a)  Allowing  10  lami)s  per  indicated  horsepower,  the 
horsepower  of  the  engine  would  have  to  be  -,.-  =  35. 

(d)  Allowing  60  watts  at  the  dynamo  terminals  per  lamp,  the  output 
in  watts  would  be  350  X  60  =  21.000,  or  21  kilowatts.     Ans. 

38.  TJfe.  —  The  length  of  time  that  an  incandescent 
lamp  will  burn  before  giving  out  is  very  uncertain  and 
depends  on  a  number  of  different  things.  Sometimes  there 
may  be  defects  in  the  manufacture  that  will  cause  a  lamp  to 
burn  out  in  a  very  short  time,  though  systematic  testing  at 
the  factory  has  resulted  greatly  in  the  reduction  of  the 
number  of  such  lamps  that  reach  the  consumer.  Lamps  are 
often  run  at  a  higher  voltage  than  they  should  be,  and 
although  this  makes  them  give  a  good  light  for  the  time 
being,  it  shortens  their  life  greatly.      Raising   the  pressure 

1  or  2  volts  above  the  proi)er  amount  on  a  1 10-volt  lamp  may 
shorten  its  life  as  much  as  l/i  t(;  '^5  per  cent.  On  the  other 
hand,  it  docs  not  pay  the  central  station  to  run  the  voltage 
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low,  because,  although  the  lamps  may  last  longer,  they  will 
nut  give  a  g<Mxl  hght  and  will  give  rise  to  dissatisfaction  on 
the  part  of  the  customers.  It  is  always  best  to  run  the 
lamps  as  nearly  as  possible  at  the  voltage  for  which  they  are 
designed,  and  to  run  the  plaint  so  that  the  regulation  will  be 
gix)d.  i.  e.,  so  that  the  voltage  at  the  lamps  will  be  nearly 
ci'nstant.  no  matter  how  the  number  of  lamps  in  use  may 
vary. 

39.  Assuming,  however,  that  the  voltage  is  kept  at  the 
proper  amount,  the  lamp  will  gradually  fall  off  in  brilliancy 
after  it  has  been  burned  for  some  time,  and  after  a  certain 
pt>int  is  reached  the  lamp  becomes  so  uneconomical  that  it 
pays  belter  to  repl.'ice  it  by  a  new  one  rather  than  attempt 
to  run  it  until  it  burns  out.  The  length  of  time  during 
which  it  pays  to  burn  a  lamp  is  difficult  to  decide.  Lamps 
will  frequently  bum  over  i.OOO  hours  before  they  give  out, 
but  after  they  have  burned  from  5i)0  to  ?()0  hours  their  can- 
dlepowcr  has  fallen  off  to  such  an  extent  that  it  will  prob- 
ably pay  to  replace  them.  Many  large  central  stations 
make  it  a  rule  to  replace  lamps  when  they  have  fallen  off 
to  SO  l>er  cent,  of  their  original  candlepower.  For  exam- 
ple, a  1 6 -candle power  lamp  would  be  discarded  when  it  had 
fallen  off  to  12.8  candlepower. 

40.  The  falling  off  in  candlepower  is  generally  attrib- 
uted to  a  disintegration  of  the  carbon.  The  filament  grad- 
ually increases  in  resistance  on  account  of  small  particles  of 
carbon  being  thrown  off;  this  increase  in  resistance  results 
in  a  decrease  in  current  and,  consequently,  in  a  falling  off 
in  candlepower.  Moreover,  the  small  particles  of  carbon 
arc  dei>osited  on  the  inside  of  the  globe,  thus  producing 
the  well-known  blackening  effect  and  further  reducing  the 
illuminating  capacity  of  the  lamp.  Lamps  have  been  very 
much  improved  of  late  years  as  regards  this  falling  off  in 
candlepower.  The  two  curves.  Fig.  IH,  given  by  Mr.  F.  W. 
Willcox,*  illustrate   the   ImprDvemcnt  in   this  respect,  the 
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upper  curve  being  for  a  modern  lamp  and  the  lower  for  an 
old-style  lamp.  Both  lamps  start  out  with  the  same  candle- 
power,  and  the  lines  show  the  percentagu  of  the  initial  can- 
dlepower  after  the  lamps  have  been  burning  for  different 
intervals  of  time.  There  is  a  steady  decline  in  the  voltage 
of  the  old  lamp  from  the  time  it  starts  burning,  and  at  the 


/ 

\ 

'" 

v*" 

\ 

1 

*   .n 

- 

n 

Li 

-L 

m 

-1 

J 

fl 

M 

-^ 

J 

J 

-J 

■fii 

PlC.  19. 

end  of  500  hours  it  is  only  givinj;  70  per  lent,  of  the  light  it 
gave  at  the  start.  The  candlepower  of  the  other  lamp,  im 
the  contrary,  increases  slightly  during  the  first  '^5  hours,  and 
at  the  end  uf  75  hours  has  gotten  back  to  its  original  candle- 
power.  It  then  falls  off  in  candlepcwer,  but  at  the  end  of 
500  hours  is  still  giving  about  77  per  cent,  of  the  original 
amount. 


41.  VoltttKf!*. — The  voltage  of  an  incandescent  lamp  is 
the  pressure  that  must  be  maintained  between  its  terminals 
in  order  that  the  resulting  current  shall  cause  the  lamp  to 
give  its  rated  cundlepower.      liy  far  the  greater  number  of 
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incandescent  lamps  in  use  are  designed  for  voltages  any- 
where between  the  limits  of  100  and  115  volts.  For  exam- 
ple, 100,  104,  110  are  common  values.  When  alternating 
current  was  first  introduced,  it  admitted  the  use  of  low 
voltages  at  the  lamps,  because  the  current  could  be  trans- 
mitted at  high  pressure  and  then  transformed  to  low  pres- 
sure. At  that  time,  it  was  more  difficult  to  make  durable 
and  efficient  lamps  for  100  or  110  volts  than  for  lower  volt- 
ages, and  a  pressure  of  50  or  52  volts  for  the  lamps  became 
common.  This  pressure  is  not  being  used  on  new  installa- 
tions, because  there  is  now  no  difficulty  in  making  lamps  for 
the  higher  voltages.  A  pressure  of  80  volts  is  commonly 
used  for  marine  work.  Of  late  years,  it  has  become  pcjssible 
to  make  lamps  for  220  to  250  volts,  and  a  number  of  plants 
using  lamps  of  this  voltage  are  in  successful  operation. 

In  connection  with  lamp  voltages,  it  may  be  interesting  to 
note  that  in  the  process  of  manufacture  it  is  impressible  to 
make  all  the  lamps  come  out  at  the  voltage  aimed  at.  For 
example,  if  a  lot  of  110-volt  lamps  were  to  be  made  up,  a 
great  many  of  them  would  come  out  at  108,  109,  111,  or 
thereabouts.  It  is  often  a  good  plan,  therefore,  for  a  sta- 
tion to  operate  at  an  odd  voltage  of,  say,  1(>7  or  111  rather 
than  at  110,  as  the  chances  are  that  if  lamps  are  ordered  for 
the  odd  voltages  they  will  be  obtained,  whereas,  if  ordered 
for  the  even  110  volts,  it  is  probable  that  108-volt  or 
109-volt  lamps  marked  110  will  be  supplied,  because  it  would 
be  practically  impossible  to  supply  all  the  lamps  of  exactly 
110  volts  without  especially  selecting  them. 

42.  Greneral  lleinarks. — Incandescent  lamps  are  made 
for  a  wide  range  of  voltage  and  candlepower.  The  power 
consumption  per  candlepower  also  varies  through  wide 
limits.  High-efficiency  lamps,  in  general,  will  have  a  short 
life  unless  the  voltage  regulation  is  very  good ;  hence,  high- 
efficiency  lamps  should  not  be  used  in  places  where  the 
regulation  is  poor.  In  order  to  determine  the  current  that 
any  lamp  will  take,  its  power  consumption  per  candle  must 
be    known,  and   the   current    may    then    be   calculated    a^ 
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explained  in  Art.  35.  When  making  wiring  estimates,  or, 
in  any  case,  when  the  approximate  current  only  is  needed, 
the  following  values  of  the  current  required  per  lamp  may 
be  used: 

TABLE    I. 


Candlepower. 

Voltage. 

Current. 
Amperes. 

10 

110 

.36 

16 

110 

.50 

32 

110 

1.00 

10 

52 

.75 

16 

52 

1.00 

32 

52 

2.00 

43.  Heatingr. — A  16-candlepower,  64- watt  incandescent 
lamp  gives  off  about  220  British  thermal  units  of  heat  per 
hour. 

A  British  thermal  unit  is  equivalent  to  the  amount  of 
heat  that  is  required  to  raise  1  pound  of  water  from  62°  F. 
to  63°  F. 

Incandescent  lamps  give  off  between  10  and  20  per  cent, 
less  heat  than  gas  jets  of  the  same  candlepower. 

'44.     Illumination    by   Incandescent   T^nii>s. — In    all 

methods  of  wiring,  it  is  necessary  to  so  locate  the  light  that 
the  best  illumination  may  be  obtained.  In  factory  lighting, 
the  lights  are  so  placed,  that  they  will  be  as  near  as  possible 
to  the  workmen,  whether  at  the  machine  or  vise. 

For  the  interior  of  stores,  general  illumination  is  required. 
Show  windows  should  be  lighted  by  reflected  light  only, 
because  exposed  light  striking  the  eye  will  cause  the  effect 
of  the  general  arrangement  to  be  lost  to  the  observer.  In 
picture  galleries,  this  same  idea  should  be  carried  out.  House 
illumination  is  more  for  effect  than  general  illumination. 

In   theater    lighting,    where   the    scenic    effects    depend 
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entirely  on  a  careful  adjustment  of  light  intensities,  experi- 
ence is  the  only  guide. 

Among  other  points  to  be  observed  in  placing  lights  is  the 
color  of  the  surrounding  walls.  Dull  walls  will  reflect  only 
about  20  per  cent,  of  the  light  thrown  on  them,  while  a 
clean,  white  surface  will  reflect  80  per  cent.  The  height  of 
the  room  also  reduces  the  effectiveness  of  a  given  light 
intensity. 

One  c*ttnclle-fo<>t  is  considered  a  good  light  to  read  by, 
which  is  the  illumination  given  by  a  standard  candle  at  the 
distance  of  1  foot. 

The  illuminating  value  of  different  lights  is  as  follows: 

TABLE  XL 


Light. 

Candle-Feet. 

Ordinary  moonlight 

Street  lighted  by  gas 

Stasre  of  theater 

.0^25 

.030 

2.1)  to    3.8 

Diffused  davlijrht 

10.0  to  -40.0 

A  clear  idea  of  these  various  intensities  is  easily  j^ained 
by  comparison,  remembering  that  1  candle- foot  furnishes  a 
good  light  to  read  by,  as  stated  above. 


TIIE  NBRNST  T.AMP. 

45.  Many  attempts  have  been  made  to  improve  the  effi- 
ciency of  incandescent  lamps.  The  efficiency  of  any  liji^ht- 
giving  source  depends  on  the  temi)erature  of  the  suhslance 
that  emits  the  light.  If  the  temperature  is  increased,  the 
amount  of  energy  given  off  in  the  shape  of  lij^ht  becomes 
greater  in  proportion  to  the  amount  j^iven  olT  as  heat,  and 
the  efficiency  of  the  lamp  as  a  lijicht-givinj^  source  is  improved. 
For  example,  an  incandescent  lamp  worked  above  its  normal 
voltage  gives  more  candlepower  per  watt  consumed  than  if 
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worked  at  a  low  voltage;  but  the  high  temperature  soon 
burns  out  the  filament,  Many  attempts  have  been  made  to 
produce  filaments  that  could  be  operated  at  a  higher  tem- 
perature than  carbon  and  thus  make  mure  efficient  lamps. 
One  of  these  is  the  Ncrust  lump.  This  lamp  has  not  as  yet 
come  into  extended  commercial  use,  so  that  we  will  confine 
ourselves  to  a  brief  description  of  its  principle  of  action. 
There  are  some  substances  that,  while  they  are  good  insula^, 
tors  when  they  are  cold,  become  fairly  good  conductors: 
when  heated  to  a  sufficiently  high  degree.  Glass,  fqr 
example,  when  heated  to  a  red  heat  will  conduct  electricity. 
Oxide  of  magnesium  (magnesia),  thoria,  and  a  number  of'; 
other  oxides  will  also  conduct  electricity  when  they  arwl 
heated. 

The  ' '  glower, "  or  light-giving  portion  of  the  Nernst  lamp, 
is  a  small  stick  made  of  oxide  of  magnesia,  thoria,  or  similar 
substance.  When  this  stick  is  heated  it  conducts  current, 
and  this  brings  the  oxide  up  to  a  very  high  temperature, 
thus  making  it  give  light.  The  temperature  attained  by 
the  oxide  stick  is  very  much  higher  than  that  of  the  incan- 
descent-lamp filament,  and  the  lamp  is  therefore  far  more 
efficient.  It  is  necessary,  however,  to  have  a  small  amounts 
of  resistance  in  series  with  the  glower,  in  order  to  make  the" 
action  of  the  lamp  stable,  and  this  tends  to  lower  the  effi- 
ciency to  some  extent,  The  glower  is  protected  by  a  small 
glass  globe,  but  the  air  is  not  exhausted.  The  substance 
giving  the  light  is  already  an  oxide,  so  that  it  cannot  be 
further  oxidized  by  being  in  contact  with  the  air,  and  there 
is  no  need  of  placing  it  in  a  vacuum.  One  disadvantage  of 
the  lamp  is  that  the  glower  must  be  heated  before  the  lamp 
will  start.  Various  devices  for  accomplishing  this  initial 
heating  electrically  have  been  brought  out.  In  the  West- 
inghouse  type  of  Nemst  lamp,  the  glower  is  heated  by  being 
placed  directly  under  a  coil  of  platinum  wire  wound  on  a 
small  cylinder  of  refractory  material.  When  the  current  is 
turned  on.  it  heats  this  coil  and  thus  raises  the  temperature 
of  the  glower  until  it  is  able  to  conduct  current.  After  thftj 
glower  has  started,  the  heating  coil  is  cut  out  automatical!}^ 
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It  requires  from  15  to  30  seconds  for  one  of  these  lamps  to 
start.  The  light  given  by  the  Nemst  lamp  is  of  a  pleasing 
color,  and  1  candlepower  can  be  produced  with  an  expendi- 
ture of  I.fiO  to  2  watts. 


e  greater  number  of 
I  parallel,  as  shown  in 


.>• 


Oft 

i 


METHODS    OF  COVNECTI: 

4fi.     lAnips  III   PumUfl.— Byfat 

incandescent  lamps  are  connected  ii 
Fig.  W.  When  lamps  are  connected 
way.  the  pressure  between  the  two  lines  must 
be  kept  at  a  constant  value,  because  if  this  is 
not  done,  the  current  flowing  through  the 
laraps  will  vary.  It  must  be  remembered 
thai  the  resistance  of  the  lamp  cannot  change, 
unte&s  the  temperature  of  the  filament 
changes,  because  the  filament  is  of  fixed 
dimensions.  The  current  that  will  flow 
through  any  lamp  depends  on  two  things, 
and  only  two,  namely:  the  pressure  between 
the  lines  and  the  resistance  of  the  lamp. 
The  current  in  each  lamp  will  be  equal  to 
the  pressure  between  the  mains  divided  by 
the  resistance  of  the  lamp.  So  long  as  the 
pressure  is  kept  constant,  it  is  easy  to  see 
that  the  turning  off  or  on  of  any  lamp  does 
not  affect  the  others.  The  current  C  flowing 
in  the  mains  will  increase  when  lamps  are 
turned  on  and  decrease  when  they  are  turned 
off.  As  stated  above,  practically  all  incandes- 
cent lamps  are  connected  In  this  way,  because 
such  an  arrangement  is  extremely  simple, 
and  each  lamp  is  independent  of  the  others,  pm,  ■&,_ 

47.  I^mpR  in  Series. — Lamps  are  occasionally  con- 
nected in  series,  as  shown  in  Fig.  21.  This  arrangement  is 
used  principally  for  street  lighting;  it  is  seldom  used  for 
interior  work  for  reasons  that  will  appear  later.  In  this 
case,  the  same  current  Hows  through  all  the  lamps;  hence, 
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their  filaments  must  all  be  of  the  same  current-carrying 
capacity.  If  it  is  desired  to  have  some  lamps  of  higher 
candlepower  than  the  others,  their  filaments  must  be  made 
longer.  The  pressure  across  the  terminals  of  any  lamp  may 
be  found  by  multiplying  the  resistance  of  the  lamp  by  the 
current  flowing.  Also,  since  the  lamps  are  connected  in 
series,  the  total  pressure  required  to  force  the  current 
through  the  circuit  will  be  the  sum  of  the  pressures  required 
for  the  separate  lamps.  For  example,  suppose  we  had  . 
10  lamps,  each  requiring  a  pressure  of  20  volts  and  a  cur- 
rent of  3^^  amperes;  also,  5  lamps  each  requiring  a  current  of 


Fig.  21. 

3^  amperes  and  a  pressure  of  40  volts.  The  total  pressure 
required  for  the  circuit,  neglecting  the  loss  in  the  line,  would 
then  be  20  X  10 -f  5  X  40  =  400  volts.  In  this  system,  the 
line  current  is  small ;  hence,  it  is  well  adapted  for  incandes- 
cent street  lighting,  where  the  area  to  be  covered  is  large. 
It  should  be  noted  that  in  a  system  of  this  kind  the  current 
must  be  maintained  at  the  value  for  which  the  lamps  are 
designed.  This  means  that  the  pressure  between  the  ends 
of  the  line  must  be  raised  as  more  lamps  are  added  to  the 
circuit,  because  the  resistance  is  increased.  Also,  the  pres- 
sure must  be  lowered  when  lamps  are  cut  out,  otherwise  the 
current  would  increase  and  burn  out  the  remaining  lamps. 
In  the  series  system,  the  current  is  constant  and  the  pres- 
sure varied  so  as  to  keep  it  constant;  in  the  parallel  system, 
the  pressure  is  kept  constant  and  the  current  varies  as  the 
number  of  lamps  in  use  is  increased  or  decreased.  Another 
point  to  be  noted  in  connection  with  the  series  system  is 
that  some  means  must  be  provided  for  maintaining  the 
circuit  around  the   lamps,    in   case   they   should  burn   out; 
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otherwise,  the  breaking  of  any  one  lamp  would  put  out  all 
the  lights  on  the  circuit.  The  method  by  which  this  is 
uciNtniplished  will  l>e  described  when  this  system  is  taken  up 
in  detail.  The  student  will  also  note  that  if  the  number  of 
lamps  operated  is  at  all  large,  the  pressure  applied  to  the 
circuit  may  be  very  high.  This  introduces  an  element  of 
ilangcr  and  is  the  principal  reason  why  series  lighting  is 
not  used  fur  interior  work.  Lami>s  in  series  may  be  cut  out 
of  circuit  by  short-circuiting  ihem  as  indicated  by  switch  S, 
Fig.  21 ;  whereas,  in  the  parallel  system  they  must,  of  course, 
be  cut  out  by  opening  the  circuit  through  the  lamp  by 
means  of  a  switch  in  series  with  it.  This  switch  may  be  a 
separate  device,  as  at  a.  Fig.  20,  or  it  may  be  in  the  lamp 
socket  and  worked  by  a  key,  as  at  k 
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pS.     Lam|M  In  Multiple  Serifs.— This  method,    so 
i  called  pai-allel  series,  is  a  combination  of  the  two 
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preceding  and  is  used  in  a  number  of  special  cases.  Per- 
haps its  widest  use  is  in  connection  with  the  lighting  of 
electric  street  cars;  it  is  also  used  in  mine-lighting  work, 
where  lights  are  operated  from  the  haulage  system.  This 
multiple-series  scheme  of  connection  is  shown  in  Fig.  22. 
Suppose,  for  example,  that  we  have  a  pair  of  mains  between 
which  a  constant  pressure  of  500  volts  is  maintained,  as  on  a 
street  railway,  and  that  we  wish  to  operate  incandescent 
lamps   on   such   a   circuit.      We   cannot   obtain   lamps'  for 

500  volts  and  a  single  100-volt  lamp 
would  be  burned  out  instantly  if  it  were 
connected  across  the  mains.  If  we  wish 
to  use  100-volt  lamps,  we  may  connect 
five  of  them  in  series,  as  shown.  With 
such  an  arrangement,  the  current  through 
the  series  of  five  lamps  would  be  about 
i  ampere  and  the  pressure  across  each 
lamp  100  volts.  We  may  connect  any 
number  of  such  series  of  five  lamps  across 
the  mains,  and  if  one  light  goes  out,  it 
puts  out  the  other  four  in  the  same  cir- 
cuit with  it.  Also,  if  any  lamp  were  cut 
out,  by  short-circuiting  it,  the  voltage 
on  the  other  four  lamps  would  become 
higher  than  they  could  stand,  because 
the  pressure  between  the  mains  is  con- 
stant, and  cutting  out  the  drop  through 
one  lamp  simply  throws  that  much  more 
pressure  on  the  others.  As  stated  above, 
this  method  of  connecting  lamps  is  used  principally  in 
places  where  it  is  desired  to  operate  lamps  on  power  cir- 
cuits, the  voltage  of  which  is  usually  higher  than  that  of 
the  lamp.  Fig.  23  shows  a  multiple-series  arrangement  with 
two  lamps  in  series,  a  scheme  of  connection  sometimes 
used  for  operating  lamps  on  220-volt  power  circuit,  for 
example,  in  mine-haulage  plants.  By  adding  the  middle, 
or  neutral,  wire  to  Fig.  23,  we  get  the  three- wire  system. 
Fig.  2-i,  so  extensively  used  for  distribution  in  large  cities. 


S  I 

; ; 

I  i 


1 16  ELECTRIC   LIGHTING.  41 

The  schemes  of  connection  given  alxjve  cover  mtfai  of 
the  cases  met  with  in  practice.  Their  use  in  connecti^/n 
with  the  diflferent  systems  of  distribution  will  next  be 
considered. 


SYSTEBUS    OF    DI8TRIBUTIOX. 

4r9.  It  will  be  necessary  to  take  up  at  this  fxffnt  the 
diflferent  systems  commonly  used  for  supplying  the  eler- 
trical  energy  to  the  lamps.  The  methrxJs  of  dintributing 
the  current  to  the  lamps  by  means  of  the  wiring  in  the 
building  will  not  be  considered  here,  as  that  part  of  the 
subject  belongs  properly  to  interior  wiring  and  will  l>c 
taken  up  in  connection  with  that  subject.  The  following 
brief  descriptions  of  the  more  impc^rtant  distributing  nyn- 
terns  are  intended  to  point  out  how  the  meth<^xls  already 
described  are  applied  to  electric-lighting  work.  Current  for 
electric  lighting  is  distributed  from  the  station  to  the  i>oint 
of  utilization  in  the  same  manner  as  for  fK>wer  transmission ; 
in  fact,  in  the  majority  of  cases  the  electric  energy  trans- 
mitted is  used  both  for  lighting  and  power  purposes. 

With  but   few  exceptions,   the  current   requirerl   fr^r   the 
operation  of  incandescent  lamps  is  distributed  at  a  constant 
potential,  i.  e.,  the  aim  is  to  keep  the  pressure  at  the  station 
such  that  the  pressure  at  the  lamps  will  remain  cr>nstant  no 
matter  what  the  load  may  be.      If  the  pressure  at  the  lamj^s 
is  not  maintained  uniform  within  narrow  limits,  the  service 
will   be   poor,   the   life  of  the    lamps    short,    and   the    com- 
plaints from   customers  numerous.      Where  the   lami)s  are 
run  on  a  constant-potential  system,  the  current  transmitted 
over  the  lines  increases  with  the  load,  because  every  light 
turned  on  means  just  so  much  more  current  to  be  supplied. 
The  consequence  is  that  the  drop  in  the  line  increases  with 
the  load,  and  in  order  that  the  pressure  at  the  lamps  shall 
be  maintained  constant  instead  of  falling  off  on  account  of 
this  drop,  the  pressure  at  the   dynamo  or  station  must  be 
raised  slightly.      In  any  event,  no  matter  what  means  may 
be  adopted  for  distributing  the    current,    the    aim    should 
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be  to  provide  the  lamps  with  a  uniform  pressure  and  to 
see  that  this  pressure  is  kept  uniform,  no  matter  how  the 
number,  of  lamps  operated  may  vary.  The  distribution 
should  also  be  designed  so  as  to  accomplish  the  object 
aimed  at  with  the  least  possible  expense^  i.  e.,  the  distribu- 
ting lines  should  be  laid  out  so  as  to  secure  the  desired 
results  with  the  smallest  possible  amount  of  copper  and  loss 
of  energy. 


DIRECT-CURIIENT  CONSTANT-POTENTIAL.  SYSTEM. 

60.  Simple  Two-Wire  System. — This  method  of  dis- 
tribution is  very  largely  used  for  small,  isolated  plants,  or 
any  installation  where  the  power  is  transmitted  a  short  dis- 
tance only.  The  lamps  are  usually  operated  at  110  volts 
and  the  current  is  supplied  by  compound-wound  dynamos. 
Fig.  25  shows  a  single  dynamo  G  operating  lamps  on  the 


JK 


-o- 


33 


JS. 


C 
A 


-O- 

-o- 
-o- 
-o- 


-o- 
-o- 

-o- 


-o- 
-o- 
-o- 


n 


L2H 


Fir..  a5. 


simple  two-wire  system.  In  this  case,  two  main  wires  A,  A 
run  from  the  dynamo,  the  various  switches  and  measuring 
instruments  being  here  omitted  for  the  sake  of  clearness, 
and  the  lamps  are  either  connected  directly  across  this 
pair  of  mains  or  are  connected  across  branch  mains,  as 
shown  at  />,  B  and  C\  C.     The  lamps  are,  therefore,  simply 
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connected  in  paralleL  as  ejcpiiii>f  g  ix.  An.  -ftvc  ^  r-s-  ktt 
ment  ans^rers  very  well  fc*r  sonaT  j^HjT.z^^  ifhtrt  clj  i  smiiZ 
number  of  lamps  are  ^^laied  iaf  vbtrt^  ^rr-j  i-rt  n.c 
scattered  verv  widclv. 


51.  Feeders  and  MjUbsc — If  ibe  liLmpf  irt  sisLiitr-t^f 
i>ver  a  considerable  area,  it  is  besi  !■:•  rnz.  :»zt  f-t^Sirr*,  i* 
shown  at  A  and  ^,  Fig.  tf;  I<»  what  is  fa  -w::  il^^  eentei^  <•! 

distribution,  as  at  ^  and  />,  asd  ztrcz.  it  tbr?^:  t»  :-t> 
attach  mains  f,  /^  to  the  feedtrs-  Tbest  :^ztrr>  •:  f:?^ 
tribution  should  be  selected  s«:»  a>  t  •  lit  r-r-ir  zhtr  :•  int?- 
where  the  bulk  of  the  light  is  usfrc,  Ii  will  :*e  n,  •tfi-t-i  thit 
no  lights  whatever  are  attached  to  the  itrirCirrs :  tl-crj  >::zt*jT 
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convey  current  from  the  station  to  the  center  of  distribu- 
tion, which  becomes,  as  it  were,  a  kind  «»f  substation.  By 
this  method,  a  considerable  drop  can  be  allowed  in  the 
feeders  without  causing  any  trouble  at  the  litj^hts.  For 
example,  suppose  110- volt  lamps  were  to  be  operated  and  a 
drop  of  15  volts  was  allowable  between  the  dynamo  and  the 
last  lamp  on  the  line.  We  may,  for  example,  fij^^iire  the 
cross-section  of  the  feeders  so  that  a  drop  of  i;}  volts  will 
occur  in  them.     This  large    drop  will  allow  comparatively 
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small  feeders  to  be  used  and  will  not  be  injurious  to  the 
lamps,  because  the  pressure  at  the  point  C  will  be  main- 
tained at  112  volts,  and  the  variation  in  pressure  along  the 
mains  would  be  but  2  volts,  or  the  balance  of  the  total 
drop  of  15  volts  allowed.  It  is  evident  that  when  no  cur- 
rent is  flowing,  there  can  be  no  drop  in  the  line,  because  the 
drop  is  the  product  of  the  current  and  the  line  resistance. 
As  the  current  increases,  the  drop  increases,  so  that  in  the 
above  case  the  dynamos  would  have  to  be  adjusted  to  give 
a  pressure  of  110  volts  at  no  load  and  125  volts  at  full  load; 
in  other  words,  the  dynamo  would  be  overcompounded  so  as 
to  give  a  rise  in  voltage  of  15  volts. 

62.  The  arrangement  just  described  is  known  as  the 
feeder-and-maln  system,  and  the  advantages  of  such  a 
system  may  be  summed  up  briefly  as  follows: 

1.  It  allows  the  use  of  a  large  drop  in  the  feeders* carry- 
ing the  current  to  the  point  where  it  is  distributed,  thus  per- 
mitting the  use  of  comparatively  small  conductors  and 
thereby  cutting  down  the  expense. 

2.  It  allows  this  large  drop  without  introducing  large 
variations  in  the  voltage  obtained  at  the  lamps. 

3.  It  allows  the  district  lighted  to  be  divided  into  sec- 
tions, each  supplied  by  its  own  feeder,  and  thus  admits  of 
each  section  being  controlled  independently  from  the  station. 

63.  Three-Wire  System. — The  simple  two-wire  sys- 
tem, even  if  operated  on  the  feeder-and-main  plan,  requires 
altogether  too  much  copper  to  admit  of  very  extended 
use.  For  moderate  distances,  the  three-wire  system  is  used. 
Fig.  27  shows  this  system  using  feeders  and  mains  as  applied 
to  lighting  work.  A  large  amount  of  lighting  is  carried  out 
on  this  plan  in  New  York,  Philadelphia,  and  other  large 
cities.  It  is  not  confined  to  direct  current  alone,  but  is  also 
largely  used  in  connection  with  alternating  current.  We 
have  here  the  two  dynamos  A  and  B  connected  in  series  and 
supplying  current  through  the  feeders  i,  i?,  3^  etc.  to  the 
different  centers  of  distribution  where  the  mains  a,  b^  c  are 
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attached.  The  use  of  this  arrangement  effects  a  consider- 
able saving  in  copper  over  the  two-wire  system ;  the  pressure 
commonly  used  is  110  volts  on  each  side  of  the  circuit,  or 


l^5>-r<5>| 


aao  volts  between  the  outside  wires.  In  some  recent  plants, 
220-volt  lamps  are  used,  thus  giving  440  volts  between  the 
outside  wires. 

64,  Special  Threo-WIre  Systems. — ^The  ordinary  three- 
wire  system  has  the  disadvantage  of  requiring  two  dynamos. 
If  the  load  were  absolutely  balanced,  one  220-volt  dynamo 
would  alone  be  sufficient,  but  in  most  cases  an  accurate 
balance  cannot  be  obtained.  A  number  of  different  systems 
have  been  devised  whereby  a  large  220-volt  dynamo  can  be 
operated  on  the  two  outside  wires  and  the  unequal  distribu- 
tion of  the  load  taken  up  by  a  balancing  arrangement  of 
small  capacity  compared  with  that  of  the  dynamo. 


55,     Fig.  38  shows  one  of  these  systems  where  the  unbal- 
ancing in  the  load  is  taken  care  of  by  means  of  the  storage 
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battery  connected  as  shown.  The  middle  point  of  this 
battery  is  connected  to  the  line.  The  220-volt  dynamo  is 
connected  to  the  outside  wires,  and  if  a  larger  current  is 
needed  on  one  side  of  the  battery  than  on  the  other,  the 
extra  current  is  supplied  from  the  battery.  It  is  not,  how- 
ever, generally  advisable  to  use  a  battery  in  this  way  for 
maintaining  the  balance  continuously  as  the  cells  become 
unevenly  discharged.  When  batteries  are  used  on  three- 
wire  systems,  they  are  usually  connected  across  the  outside 
lines  and  a  switch  provided  to  connect  their  middle  point  with 
the  neutral,  so  that  they  can  be  used  for  balancing  in  case 
of  necessity. 

56.  Fig.  29  shows  a  three-wire  system  fed  by  a  220-volt 
dynamo  A  in  conjunction  with  a  motor-dynamo  aa\  This 
motor-dynamo  is  sometimes  called  a  balancing:  set  or  bal- 
ancer. The  armatures  a,  a'  are  mounted  on  the  same  shaft 
and  connected  in  series,  the  mid-point  ;/  being  connected  to 
the  neutral  wire.  The  fields  of  these  two  machines  are  con- 
nected across  the  mains,  as  shown  at  ff.  When  one  side 
of  the  system  is  more  heavily  loaded  than  the  other,  the 


machine  on  the  heavily  loaded  side  runs  as  a  dynamo  and 

helps  to  supply  current  to  that  side,  while  the  machine  on 

the  lightly  loaded  side  absorbs  power  and  runs  as  a  motor, 

thus  equalizing  the  load.     Take,  for  example,  the  special  case 

shown  in  Fig.  29,  where  we  have  12  lamps  on  one  side  and 

6  on  the  other.     We  will  have  18  lamps  to  be  supplied  with 

power   from   the  220-volt  machine  A.      Allowing  55  watts 

55  X  18 
per    lamp,   this   gives    55  X  18    watts   and,    hence,   - 

220 

=  4|  amperes.     The  current  flowing  out  on  F  and  back 
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on  P  must,  therefore,  be  \\  amperes.  The  upper  side  of 
the  three-wire  system  requires  6  amjjeres  and  the  lower 
side  3,  because  we  have  12  lamps  in  parallel  in  the  one  case 
and  6  in  the  other.  We  have,  then,  3  amperes  coming  back 
through  the  neutral,  of  which  1  \  flows  through  a\  running 
it  as  a  motor  and  generating  14  amperes  in  a.  This 
\\  amperes  is  added  to  the  \\  in  line  /%  thus  making  the 
6  required  for  the  upper  side.  By  following  the  current  as 
indicated  by  the  arrows,  the  student  will  understand  how 
the  balance  is  maintained.  If  the  lower  side  should  become 
more  heavily  loaded  than  the  upper,  the  current  in  the  neu- 
tral wire  would  be  in  the  opposite  direction  and  the  action 
of  a  and  a!  would  be  reversed;  that  is,  a  would  act  as  the 
motor  and  a*  as  the  dynamo.  This  motor-dynamo  or  bal- 
ancer does  not  have  to  be  placed  in  the  station ;  it  may  be 
placed  at  a  point  near  the  center  of  distribution,  thus  requir- 
ing only  the  two  feeders  F  and  F'  to  be  run  back  to  the 
station,  and  thus  avoiding  the  necessity  of  running  the 
neutral  wire  all  the  way  back,  and  therel)y effecting  a  saving 
in  copp)er.  In  the  above  illustration  we  have  neglected  the 
losses  in  the  balancing  set.  As  a  matter  of  fact,  machine  .  / 
would  furnish  more  than  4^^  amperes  in  order  to  make  up  for 
the  losses  in  a  a!  and  supply  the  lamps  as  well. 

o7«  In  most  large  stations  operating  on  the  three-wire 
system,  the  amount  of  unbalancing  is  usually  small  com- 
pared with  the  total  load  carried,  so  that  the  capacity  of  the 
balancing  arrangement  is,  as  a  rule,  small  compared  with 
that  of  the  main  dynamo.  By  far  the  greater  part  of  the  dis- 
tribution on  the  three-wire  system  is,  however,  carried  out 
by  the  ordinary  two-dynamo  arrangement  shown  in  Fig.  ^l\. 

58.  Voltajare  licj^ulation. — In  stations  where  a  large 
number  of  lamps  are  operated,  it  is  usually  necessary  to 
have  several  distinct  feeders  running  to  the  difTerent  districts 
to  be  lighted  or  supplied  with  power.  Some  of  these  feeders 
may  be  long,  others  quite  short.  In  order,  therefore,  to 
keep  the  cross-section  of  the  long  feeders  within  a  reasonable 
size,   a  larger  drop  must  be  allowed  in  them  than  in   the 
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short  feeders.  It  is  necessary,  then,  to  have  some  means  of 
supplying  the  long-distance  feeders  with  a  higher  pressure 
than  those  supplying  the  nearby  districts.  Of  course,  the 
voltage  on  the  short  feeders  might  be  cut  down  by  inserting 
resistance  in  series  with  them,  and  this,  in  fact,  has  been 
done  in  some  cases.  Such  a  method  is,  however,  wasteful 
of  power  and  is  not  to  be  recommended. 

59.  A  common  method  is  to  use  separate  dynamos  for 
supplying  the  long-distance  feeders,  and  simply  run  these 
dynamos  at  a  higher  voltage  than  those  supplying  the  short 
feeders.     This  is  an  excellent  method  where  the  separate 


dynamos  are  available,  but  frequently  this  is  not  the  case. 
When  only  one  dynamo  or  set  of  dynamos  is  at  hand  for 

operating  the  whole  system,  the  best  plan  is  tn  run  the 
machines  at  the  lower  pressure  suitable  for  the  short  feeders, 
and   use. a  "iKwster"   to  raise  the  voltage  on  the   other 


(ctdcrs.  Fig.  30  will  indicate  what  is  mtant  by  this  arrange- 
ment. The  plan  stiuwn  is  for  the  three-wire  system,  though 
ihc  same  scheme  may  be  used  on  a  two-wire  system  and  is,  ia 
fatt.  largely  used  on  such  systems  in  connection  with  electric 
railways.  In  Fig.  30,  .'I  and  B  are  two  dynamos  operating 
on  the  three-wire  system  and  supplying  current  directly  lo 
the  sh4irt  feeders  1,  li,  3,  I',  2',  3'.  Feeders  a,  ^,  randa'.  d',  (' 
run  to  outlying  points  and,  therefore,  must  be  supplied  with 
a  higher  pressure  than  the  other  feeders.  We  will  suppi)se, 
for  e.iample,  that  each  dynamo  generates  125  volts  and  that 
the  long-distance  feeders  require  I-IO  vults  between  the  out- 
side and  neutral  wire;  15  volts  must,  therefore,  be  added 
to  eaih  dynamo  voltage.  This  is  accomplished  by  the 
•"boosters"  C  and  D  connected  as  shown.  The  boosters 
arc  small  dynamos  that  are  driven  either  by  a  steam  engine 
or,  more  frequently,  by  an  electric  motor.  The  fields  of 
these  machines  arc  separately  excited  from  the  mains  and 
the  armatures  are  connected  in  series  with  each  of  the  out- 
siAc  wires,  as  shown.  The  armatures  of  the  boosters  must 
be  capable  of  carrying  all  the  current  used  on  the  long- 
distance feeders  and  be  able  to  generate  a  pressure  equal  to 
that  by  which  the  voltage  is  to  be  raised.  For  example,  in 
this  case  the  Ijooster  armatures  would  generate  the  extra 
15  volts  required  and  thus  give  140  volts  on  the  fccd- 
i-rs  a,  h,  c  and  a\  b' ,  c'.  By  varying  the  field  rheostat  of 
the  bcK)Stcrs,  the  voltage  on  the  feeders  may  be  adjusted. 
BiHHiters  are  about  the  same  as  other  dynamos  in  general 
appearance,  except  that  they  usually  have  very  large  com- 
tnutaiiirs  and  brushes  compared  with  other  dynamos  of 
equal  capacity,  because  they  have  to  carry  a  large  current 
through  their  armature.  If  the  connections  of  the  booster 
armatures  were  reversed,  it  is  evident  that  they  would  lower 
the  voltage  instead  of  raising  it. 

60.  Flv<!-Wlrp  and  Seven-Wire  Systems. — The  three- 
wire  system  has  been  still  further  extended  so  as  to  make 
use  of  higher  potentials  by  employing  four  dynamos  in 
scries    and    three    neutral    wires        This    allows  the   use    of 
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440  to  500  volts  between  the  outside  wires  and  permits  a 
still  larger  area  to  be  covered  than  by  the  three-wire  system. 
Seven-wire  systems  using  six  dynamos  in  series  have  also 
been  used,  and  the  five-wire  system  especially  has  been  suc- 
cessfully applied  on  the  Continent  of  Europe.  Five-wire 
and  seven-wire  systems  have  been  very  little  used  in  America, 
the  practice  being  to  use  alternating-current  methods  of 
distribution  if  pressures  higher  than  those  given  by  the 
110-220-volt  or  220-440- volt  three-wire  systems  are  required. 
The  use  of  three-wire  systems  with  220-volt  lamps  and 
440  volts  across  the  outside  wires  is  gradually  extending, 
because  the  higher  pressure  allows  larger  areas  to  be  sup- 
plied and  effects  a  saving  in  copper  over  the  110-220-volt 
system. 


DIRECT-CURRENT,   CONSTANT-CURRENT  SYSTEM. 

61.  This  system  is  very  seldom  used  for  incandescent- 
lighting  work.  It  was  in  use  to  some  extent  in  the  early 
days  of  electric  lighting,  when  a  few  incandescent  lights  were 
operated  in  series  with  direct-current  arc  lamps.  In  such 
systems,  the  current  used  was  a  direct  one,  furnished  usually 
by  a  machine  of  the  T.  H.,  or  Brush,  type,  and  this  current 
was  maintained  at  a  constant  value  by  the  variation  in 
E.  M.  F.  brought  about  by  the  automatic  regulator.  There 
were  many  objections  to  operating  incandescent  lamps  in 
this  way ;  each  lamp  had  to  be  provided  with  a  cut-out  of 
some  kind  to  prevent  the  circuit  being  broken  in  case  a 
lamp  burned  out;  such  circuits  also  required  a  high  pressure 
for  their  operation,  and  this  rendered  the  use  of  incandes- 
cent lamps  so  operated  dangerous  for  interior  illumination. 


ALTERNATING-CURRENT,   CONSTANT-POTENTIAL  SYSTEM. 

62.  Alternating  current  at  constant  potential  is  very 
extensively  used  for  incandescent  lighting,  because  this 
method  allows  lights  to  be  operated  over  large  areas  with  a 
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comparatively  small  Idss  and  a  small  expenditure  for  copper. 
The  distribution  may  be  carried  out  either  by  means  of 
the  single-phase,  two-phase,  or  three-phase  system.  If  the 
current  were  intended  for  operating  lights  only,  the  single- 
phase  scheme  would  be  used,  as  it  is  simpler  than  either 
the  Iwo-phase  or  three-phase  arrangements.  Most  modern 
lighting  plants,  however,  are  equipped  so  that  they  can 
operate  motors  as  well  as  lights,  and,  hence,  it  is  now  cus- 
tomary to  install  multiphase  systems  rather  than  single- 
phase. 

G3.  HIui^Il— I'liHse  System. — When  alternating  current 
first  came  into  use  for  electric  lighting,  a  simple  alternator 
was  used  to  supply  current  at  a  constant  pressure.  This 
current  was  transmitted  over  the  line,  and  at  the  various 
points  where  it  was  utilized,  transformers  were  installed  to 
step  down  the  voltage  to  an  amount  suitable  for  the  lamps. 
Each  customer  usually  had  his  own  transformer.  If  the 
system  was  small,  only  a  single  pair  of  lines  or  feeders  was 
run  from  the  station;  in  case  the  area  lighted  was  large, 
a  number  of  feeders  supplying  different  sections  were  used, 
as  pre%-iously  described  for  the  direct-current  system.  The 
pressures  first  used  were  1,000  volts  on  the  primary  mains 
and  50  or  63  volts  on  the  secondary.  As  the  construction 
of  alternators,  transformers,  and  lamps  was  brought  to  a 
higher  stage  of  perfection,  the  pressures  were  increased  to 
'i.lVHi  volts  primary  and  100  to  110  volts  secondary.  The 
frequency  used  in  the  early  plants  was  usually  from  125  to 
133  cycles  per  second;  in  later  plants,  fiO  cycles  has  become 
common  practice, 

G-k.  The  great  advantage  of  this  system  over  the  direct 
current  lies,  of  course,  in  the  use  of  the  high  pressure  for 
transmitting  the  current.  The  introduction  of  alternating 
current  rendered  [lossilile  the  lighting  of  many  places  that 
could  not  afford  the  expense  of  installation  that  would  be 
necessary  if  direct  current  were  used.  It  also  rendered 
available  water-powers  located  at  some  distance  from  the 
center  to  be  lighted. 
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66.  It  was  formerly  customary,  in  connection  with  sys- 
tems of  this  kind,  to  install  small  transformers  for  each 
customer,  as  shown  at  A,  B^  C^  Fig.  31,  and  if  a  large 
amount  of  current  were  required  at  any  point,  a  number  of 
transformers  were  connected  in  parallel,  as  shown  at  K, 
This  was  necessary  because  transformers  were  not  then 
made  in  large  sizes.  On  account  of  the  objections,  as 
before  stated,  to  running  a  number  of  small  transformers  in 
parallel,  it  has  become  the  practice  to  make  use  of  a  system 
of  secondary  mains  supplying  a  number  of  customers  and 
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to  feed  these  secondary  mains  from  a  few  large  trans- 
formers, as  shown  in  Fig.  32.  In  this  case,  we  have  the 
primary  mains  A^  B  running  from  the  station  and  feeding 
the  large  transformers  T,  Z",  as  shown.  The  distributing 
secondary  mains  are  usually  arranged  on  the  three-wire  sys- 
tem, as  indicated  at  C^  thus  allowing  a  considerable  area  to 
be  supplied  from  one  pair  of  transformers.  The  current 
may,  however,  be  distributed  by  secondary  two-wire  mains 
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if  the  lights  are  close  at  hand.  Scattered  customers  must, 
of  course,  be  supplied  by  individual  transformers,  as  in 
Fig.*  31. 

The  small  transformers  are  usually  mounted  on  the  pole 
outside  the  building  to  be  lighted.  Large  transformers  are 
mounted  indoors  or  in  substations. .  The  use  of  secondary 
mains  greatly  reduces  the  number  of  transformers  to  be 
kept  in  repair  and  otherwise  looked  after ;  it  also  effects  a 
considerable  saving  in  power,  owing  to  the  higher  efficiency 
of  the  large  transformers.     Where  branch  lines,  as  shown 


To  AffermFfor 


I 


O- 

■o 
o 
o- 
o 
■o- 
■o- 


a 


I 


o 
■o- 
■o- 
■o- 


■o-o 
■o-o 
o-o- 
■o-o 


Fig.   32. 


at  E^  Fig.  31,  are  taken  off  the  main  feeders,  main-line  cut- 
out boxes  y,y'  should  be  installed  as  indicated.  The  second- 
ary-main arrangement  can  generally  be  used  to  advantajre 
for  furnishing  light  to  the  business  part  of  a  town,  while  in 
the  residence  part  it  is  frequently  necessary  to  use  individual 
transformers  on  account  of  the  customers  beinj^  scattered. 
The  above  remarks  in  reference  to  secondary  mains  a[)ply 
also  to  lighting  systems  using  two-phase  or  three-phase 
distribution. 


5+  ELECTRIC    LIGHTING.  §  16 

C6.  Tw^o-Phase  8,ii-steni.— This  system  of  distribution  I 
for  incandescent-lighting  work  has  come  largely  into  use,  1 
not  because  it  is  any  better  than  the  single-jihase  sysleiii,  so  1 
far  as  the  lighting  is  concerned,  if,  in  fact,  it  is  as  gotjd.  but  | 
because  it  enables  both  lights  and  motors  to  be  operated  ] 
from  the  same  dynamo.  The  general  scheme  of  distribu-  I 
tion  is  the  same  as  that  just  described  for  the  single-phase  ( 
system.  In  a  two-phase  system  of  this  kind,  an  effort  J 
should  always  be  made  to  have  the  li>ad  balanced  on  the  two  I 
phases,  otherwise  an  uneven  distribution  of  voltage  is  apt  to  I 
result.  Motors  may  be  operated  from  the  same  lines  as  the  1 
lamps,  hut  it  is  better  practice  to  have  separate  feeders  to  I 
supply  Che  motors.  I 

67.  Thret'-l'hHS©  Nj-steni.  —  This  system  was  intro-  I 
duced  for  the  same  reason  as  the  two-phase  system,  i.  e.,  tO  I 
permit  the  operation  of  motors.  The  ordinary  three-phase  I 
system  requires  only  three  wires.  In  a  few  cases,  however,  1 
where  the  load  is  liable  to  be  unbalanced,  a  common  return  J 
wire  is  used  The  transformers  may  be  connected  accord-  I 
ing  to  any  of  the  methods  already  described.  Where  three  i 
wires  are  run  from  the  secondaries,  the  voltage  between  any  I 
pair  of  wires  is  the  same,  so  that  the  lamps  will  burn  with  J 
the  same  brilliancy  across  the  outside  wires  as  across  either  •! 
of  the  others;  in  this  respect,  therefore,  it  is  different  from  J 
an  ordinary  Edison  three-wire  system.  Also,  the  voltage* 
between  any  pair  of  the  primary  wires  is  the  same,  whereaa-1 
in  the  three-wire,  two-phase  system,  the  pressure  between^ 
the  two  outside  wires  is  about  1.414  times  as  great  as  the^:! 
pressure  between  the  middle  and  either  outside  wire,  M 

68,  Mixed  Sj-stems.  —  Before  leaving  the  subject  dH 
constant-potential  alternating-current  systems,  it  will  M^| 
well  to  consider  the  c<imbined  use  of  alternating  and  dtreoH 
current  as  applied  to  the  distribution  of  light  and  powe^H 
In  many  large  cities,  extensive  installations  on  the  Gdiso^| 
three-wire  system  have  been  made  in  the  past  for  the  operaS 
tion  of  both  lights  and  direct -current  motors.     These  wef^l 


§  16  ELECTRIC   LIGHTING.  55 

supplied  from  stations  located  as  close  as  possible  to  the 
centers  to  be  supplied.  As  the  area  to  be  supplied  spread, 
and  as  alternating  current  became  more  extensively  used  for 
power-transmission  work,  these  companies  adopted  the  plan 
of  supplying  the  existing  systems  with  power  from  sub- 
stations fed  from  one  central  station,  or  perhaps  frr>m  a 
distant  water-power  plant. 

In  order  to  supply  direct  current  to  the  distributing 
system,  rotary  converters  may  be  used,  or,  as  is  done  in 
some  cases,  alternating-current  motors  may  be  usf-d  to  run 
direct-current  dynamos.  Fig.  33  shows  the  scheme  referred 
to.  Alternating  current  is  transmitted  from  the  central 
station  at  A,  usually  by  means  of  the  three-phase  system,  to 
the  substations  B  or  C,  where  it  is  stepp)ed  down  by  means 
of  transformers  7",  Z",  T,  The  current  may  then  l>e  s^tnt 
through  rotary  converters  R  and  fed  into  a  three-wire 
system,  as  shown,  or  it  may  be  fed  to  an  alternating-current 
motor  Af  that  is  coupled  to  direct-current  machines  O^  (). 
Very  often  arc  lights  are  also  supplied  from  these  sul^stations 
by  coupling  the  alternating-current  motor  to  an-Iight 
dynamos,  and  in  other  cases  the  rotary  converters  may  be 
used  to  feed  a  street-railway  system. 

A  large  amount  of  lighting  is  carried  out,  esjierially  in 
cities,  by  using  the  plan  just  described.  V'v^.  ^U  shows  a 
motor-generator  set  used  for  transforming  from  thr<:^--f>hase 
alternating  to  three-wire  direct  current.  The  thr«:f:-phase 
synchronous  motor  A  receives  current  from  transformrrs 
after  it  has  been  stepped  down  from  the  hij^h-tr-nsion  line 
that  transmits  it  from  the  central  stati<^n.  The  motor 
drives  the  two  direct-current  dynamos  //and  C\  whi(  h  are 
connected  in  series  and  supply  current  to  the  three-wire 
system. 

For  electric-lighting  work,  it  has  been  found  that  the  use 
of  a  synchronous  motor  driving  direct-current  generators 
gives  better  results  than  rotary  converters,  because  the 
former  arrangement  maintains  a  steadier  voltage  on  the 
direct-current  side,  a  feature  <>{  great  importance  in  con- 
nection with  incandescent  lighting.     If  the  voltage  supplied 
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to  the  alternating-current  side  of  a  rotary  varies,  the  direct- 
current  voltage  will  also  vary  because  there  is  a  fixed  ratio 
of  transformation  between  the  two  voltages.  Consequently, 
all  the  bad  effects  of  drop  in  the  alternating-current  trans- 
mission line  are  felt  on  the  direct-current  side,  and  therefore 
cause  fluctuations  in  the  lamps.  If,  however,  synchronous 
motors  are  used  to  drive  separate  direct-current  machines, 
the  speed  of  the  motor  will  be  constant  so  long  as  the  speed 
of  the  distant  dynamo  is  constant,  no  matter  what  may  be 
the  fluctuations  in  the  voltage  delivered,  because  the  motor 
is  bound  to  run  in  synchronism.  Since  the  voltage  of  the 
direct-coupled  dynamos  is  constant  so  long  as  the  speed  and 
field  excitation  remain  the  same,  it  is  easy  to  see  that  the 
use  of  the  motor-generator  set  will  give  the  better  voltage 
regulation. 

69.  It  will  be  seen  from  the  preceding  that  the  use  of 
constant-potential  alternating  current  of  the  two-phase  or 
three-phase  variety  allows  a  great  flexibility  in  the  kind  of 
apparatus  operated  from  one  station.  If  it  is  necessary  to 
have  direct  current  for  any  purpose,  the  transformation  is 
easily  effected.  In  general,  where  rotary  transformers  or 
alternating-current  motors  are  used,  it  is  desirable  to  have  a 
low  frequency,  say,  about  25  or  40.  On  the  other  hand,  the 
frequency  should  not  be  below  40  cycles  per  second  if  the 
current  is  to  be  used  for  lighting.  A  high  frequency  calls 
for  less  expensive  transformers,  and  between  all  these 
requirements,  which  are  more  or  less  conflicting,  a  frequency 
of  (jO  has  been  very  generally  adopted  for  systems  where 
the  current  is  used  both  for  light  and  power.  Where  power 
alone  is  supplied  or  where  the  current  is  used  for  operating 
rotary  transformers,  the  frequency  may  be  as  low  as  25,  as 
in  the  case  of  the  Niagara  transmission  plant. 

70.  Use  of  Frequency  Changrers. — In  the  last  article, 
mention  was  made  of  the  fact  that  where  rotary  convert- 
ers are  extensively  used  it  is  customary  to  use  a  low- 
frequency  current  at  25  or  40  cycles.     It  sometimes  happens 
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that  in  connection  with  such  installations  a  comparatively 
small  amount  of  alternating  current  at  a  higher  frequency 
is  required,  as  the  frequency  of  25  cycles  would  be  too  low  to 
operate  arc  or  incandescent  lamps  in  a  satisfa(*tory  manner. 
High-frequency  current  may  be  obtained  from  low-frequency 
by  using  a  low-frequency  motor  to  drive  a  high-frequency 
dynamo  or  by  using  a  frequency  chancer. 

Fig.  35  shows  a  frequency  changer  of  a  type  used  in  con- 
nection with  lighting  work.  It  consists  of  a  synchronous 
motor  A  direct  connected  to  an  induction  motor  7i  of 
special  design.  Motor  A  is  driven  by  current  supplied 
from  the  armature  of  B.      The  current  to  be  changed  is 


led  into  the  stationary  field  winding  of  /?,  and  the  high- 
frequency  current  is  taken  from  the  armature  of  />'  by  mi;ans 
of  the  collecting  rings  C.  The  armature  of  ;in  indiiclinn 
motor  always  revolves  at  a  slightly  lower  speed  than  the 
magnetism  set  up  by  the  field  windings,  the  difference  in 
speed  between  the  armature  and  the  field  being  known  as 
the  slip.  If  the  armature  were  held  from  turning,  the 
frequency  of  the  currents  set  up  in  its  windings  would  be 
the  same  as  the  frequency  of  the  current  in  the  field;  in 
other  words,  the  machine  would  then  be  acting  like  an 
ordinary  transformer.     As  the  motor  is  allowed  to  run  up 
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Uf  speed,  the  frequency  of  the  armature  currents  becomes 
!(l^/weT  and  slower  until  the  motor  runs  at  a  speed  only 
slij^htly  lower  than  that  of  the  field,  and  the  frequency  of  the 
armature  currents  drops  down  to  from  2  to  5  per  cent,  of  that 
of  the  field  current,  depending  on  the  amount  of  slip.  Now 
suppr^se  that  instead  of  letting  the  armature  run  in  the 
direction  it  ordinarily  would,  we  drive  it  in  the  opposite 
direction.  The  effect  on  the  frequency  of  the  currents  in 
the  armature  is  then  just  the  opposite,  i.  e.,  the  fre- 
quency, which  is  the  same  as  that  in  the  field  at  stand- 
still, increases  as  the  armature  is  revolved  in  the  opposite 
direction  by  means  of  motor  A.  If  it  were  run  up  to  its 
regular  speed  in  the  opposite  direction,  the  frequency  would 
be  just  doubled.  If  it  were  driven  at  half  the  normal  speed 
in  the  opposite  direction,  the  frequency  would  be  made  one 
and  one-half  times  as  great.  For  example,  if  a  frequency 
of  40  were  to  be  raised  to  60,  the  armature  would  be  driven 
in  the  opposite  direction  at  half  its  ordinary  speed.  Fre- 
quency changers  of  this  kind  are  used,  among  other  places, 
in  connection  with  the  Brooklyn  lighting  system,  and  also  at 
Buffalo,  where  the  25-cycle  current  from  the  Niagara  plant 
is  changed  to  02  cycles  for  use  in  connection  with  lighting 
work. 
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71.  This  method  of  distribution  is  used  for  operating 
incandescent  street  lights  in  series  and  has  been  used  quite 
extensively  for  that  purpose.  It  allows  street  lighting  to  be 
carried  out  in  connection  with  a  regular  constant-potential 
lijj^hting  plant,  and  such  plants  are  thereby  enabled  to  under- 
take street  lighting  with  very  little  expense  for  station 
apparatus.  Of  course,  street  incandescent  lamps  could  be 
operated  directly  from  transformers  and,  in  fact,  they  often 
ar(^  run  in  this  way.  As  a  rule,  however,  they  would  be 
scattered  too  much  to  be  operated  economically  in  parallel, 
and  hence  the  series  system  was  developed  for  this  work. 
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When  a  number  of  lamps  are  conaected  in  series  in  a 
circuit,  the  current  in  that  circuit  must  be  kept  at  the 
same  value,  no  matter  how  many  lamps  are  in  operation. 
The  term  constant  current,  as  applied  to  this  system, 
implies,  therefore,  that  the  current  is  maintained  at  a 
constant  value  and  not  that  the  current  is  a  direct  or 
continuous  one.  As  mentioned  above,  such  circuits  are 
run  from  constant -potential  alternators,  a  regulator  being 
used  in  each  circuit  to  keep  the  current  at  a  constant 
value.  The  series-incandescent  system  of  street  lighting 
is  especially  useful  for  small  plants,  where  it  would  not 
pay  to  install  separate  arc-light  dynamos.  The  system  is 
also  used  in  larger  places  on  streets  that  are  very  heavily 
shaded  or  in  alleys  or  other  places  where  an  arc  light  is 
hardly  necessary. 

73.     Fig.  36  shows  a  series  of  incandescent  lamps  /,  /  con- 
nected across  an  ordinary  constant-potential  circuit  fed  by 


the  alternator  J.  Suppose,  for  example,  that  the  [iressure 
generated  by  the  dynamo  is  1.000  volts;  then  if  each  lamp 
required,  say,  30  volts,  50  lamps  would  have  to  be  run  in 
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series  in  order  to  take  up  the  full  voltage  of  the  dynamo. 
Lamps  for  use  on  circuits  of  this  kind  are  often  made  for  a 
current  of  3 J  amperes  and  a  pressure  of  20  volts.  Such 
lamps  have  short,  thick  filaments,  and  are  generally  of  the 
sha[)e  shown  in  Fig.  4.  Unfortunately,  lamps  with  short, 
thick  filaments  are  not  nearly  as  efficient  as  the  ordinary 
50-volt  or  llO-volt  lamp  with  a  long,  thin  filament.  For 
this  reason,  some  of  the  more  recent  systems  of  series-incan- 
descent lighting  employ  circuits  using  50-volt  or  100-volt 
lamps,  and  use  a  correspondingly  smaller  number  on  each 
circuit.  This  is  the  case  with  the  Westinghouse  series 
system  to  be  described  later.  So  long  as  none  of  the  lamps 
burn  out,  the  current  in  the  circuit  will  remain  constant, 
because  the  line  pressure  and  the  resistance  of  the  lamp  cir- 
cuit are  constant.  Each  lamp  must  be  provided  with  some 
means  for  maintaining  the  continuity  of  the  circuit  in  case 
a  lamp  breaks  down,  otherwise  all  the  lamps  on  the  circuit 
would  be  extinguished.     One  of  the  most  common  devices 

for  preventing  an  interruption  of  the  circuit  is 
the  film  cut-out,  the  principle  of  which  will 
be  understood  by  referring  to  Fig.  37.  This 
shows  the  under  side  of  a  lamp  base;  the  flat 
spring  a  is  attached  to  one  terminal  and  is 
separated  from  the  other  terminal  by  the  film 
of  paper /^.  Ordinarily  the  pressure  between 
the  lamp  terminals  is  equal  to  the  drop  through  the  lamp 
and  is  quite  small.  If,  however,  the  lamp  should  burn  out, 
the  current  in  the  circuit  ceases  flowing  for  an  instant,  thus 
causing  the  pressure  between  the  lamp  terminals  to  at  once 
rise  to  the  full  pressure  of  the  dynamo,  ^)ecause  the  current 
becomes  zero  and  the  drop  in'  the  line  and  lam[)s  also  becomes 
zero.  This  pressure  is  more  than  the  film  can  stand,  and 
it  is  at  once  punctured,  thus  allowing  n  to  touch  the  other 
tcrniiiial  and  maintain  the  circ  uit.  The  film  cut-out  simply 
maintains  the  (M)ntinuity  of  the  circuit  without  inserting  a 
resistance  of  any  kind  to  take  the  ])la(X'  of  the  lamp,  and  the 
current  would,  therefore,  increase  if  some  means  were  not 
adopted  for  regulating  it  at  the  station.      There  are  several 
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arrangements  designed  for  this  purpose.  Two  of  the  most 
common  are  the  lamp-board  regrulator  and  the  so-called 
C.  R.  regulator. 


73.  The  lAmp-Boanl  Regulator.  —  The  principle  of 
this  regulator  will  be  understood  by  referring  to  Fig.  38. 
The  current  is  kept  at  its 
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^^ 
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proper  value  simply  by 
cutting  in  a  lamp  at  the 
station  whenever  one  on 
the  circuit  burns  out. 
This  board,  on  which  are 
mounted  a  number  of 
lamps  /,  /,  /,  is  placed  in 
the  station,  and  the  extra 
lamps  connected  in  series 
with  the  line  through  a 
switch  s  and  an  amme- 
ter a.  The  ammeter  in- 
dicates when  the  current 
is  at  its  proper  amount, 
and  if  a  lamp  on  the  line 
goes  out,  the  reading  at 
once  increases.  By  mov- 
ing the  handle  of  the 
switch  s,  any  number  of 
lamps  desired  may  bo  cut 
in  and  the  current  main-     ^—^-^-—J  ''taj.iM — 

tained  at  its  proper  value 

until  the  lineman  is  able  to  go  annind  and  replace  the 
broken  lamps.  The  figure  is  only  intended  to  show  the 
general  principle  of  the  lamp  board;  the  actual  arrangement 
of  the  parts  varies  in  different  cases. 


74.  The  C.  K.  Keprulator.— This  regulator  was  brought 
out  by  the  General  Electric  Company  to  replace  the  old 
lamp-board  method  of  regulation.  In  many  cases  it  is 
desirable  to  have  some  kind  of  regulator  that  will  not  only 
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compensate  for  any  lamps  that  may  bum  out,  but  that  will 
also  allow  a  wide  variation  in  the  voltage  applied  to  the  cir- 
cuit. For  example,  we  might  wish  to  run  a  circuit  having 
40  20-volt  lamps  from  a  1,000- volt  alternator.  The  series 
of  lamps  would  only  require  40  X  20  =  800  volts,  and  if  the 
lamp  board  were  used,  10  lamps  would  have  to  be  inserted 
in  the  station  to  take  up  the  extra  200  volts,  neglecting  the 
drop  in  the  line.  This  would  be  an  expensive  and  wasteful 
method. 

The  C.  R.  regulator  is  simply  a  special  kind  of  trans- 
former that  is  so  made  that  its  secondary  voltage  may 
be  added  to  or  sub- 
tracted from  that  of 
the  dynamo.  The 
operation  of  this  reg- 
ulator will  be  under- 
stood by  referring 
to  Fig.  39.  Two 
coils  A  B  and  CD 
are  wound  on  a  lam- 
inated  iron  core. 
The  coil  C  D  is  di- 
vided into  a  number 
of  sections,  and  con- 
nections are  brought 
out  lo  the  contact 
ps  in  the  form  of  cir- 
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//  and  ^are  two  contact  strip 
cular  arcs,  /(  being  c<)nnectcd  t<)  iine  end  of  the  lamp  circuit 
and  ^i- to  one  end  of  the  coil  /.'.which  is  also  connected  to 
one  of  the  primary  lines.  The  other  end  of  the  primary 
Cfiil  is  connected  to  the  circuit  and  ti>  the  other  primary 
wire,  as  shctwn  at  ,/.  An  ammeter  is  also  included  in  the 
circuit  to  show  when  the  current  is  at  its  proper  value. 
The  contact  pieces  c,  /  make  contact  between  the  circular 
arcs  and  the  cni]  terminal  pieces  a.  and  are  su  arranged  that 
when  a  wheel  is  turned  they  move  towards  each  other  or 
away  from  each  other,  as  the  case  may  be.  They  are  also 
arranged  so  that  they  may  move  past  each  uther. 
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Suppose  that  both  c  and  f  rest  on  the  same  block  in  the 
center  of  the  dial;  then,  the  current  flows  from  the  line 
through  the  path  l-S-B-g-f-e-h-l-l-l-M-2^  and  the  pres- 
sure applied  to  the  lamp  circuit  is  the  same  as  that  supplied 
by  the  alternator.  A  current  will  also  flow  through  A  B, 
because  this  coil  is  connected  directly  across  the  line,  just 
like  the  primary  coil  of  a  transformer.  This  current  will  set 
up  an  alternating  magnetism  around  the  iron  core  and  an 
electromotive  force  in  the  coil  CD.  If  now  we  connect  any 
of  the  turns  of  C D  in  series  with  the  lamp  circuit,  the  pres- 
sure applied  to  the  lamps  will  be  greater  or  less  than  the 
<lynamo  pressure,  depending  on  whether  the  E.  M.  F. 
induced  in  the  part  of  CD  cut  in  is  opposed  to  or  aids  the 
E.  M.  F.  of  the  dynamo.  Suppose  the  regulating  wheel  to 
be  moved  so  that  the  contact  pieces  are  in  the  position 
shown;  the  current  will  flow  through  that  part  of  the 
coi!  C  D  included  between  the  contacts  r,  /*,  and  we  will 
suppose  that  the  connections  are  such  tliat  the  E.  M.  F. 
of  this  portion  of  the  coil  is  added  to  the  line.  If  the 
handle  is  turned  the  other  way,  so  that  the  sliding  pieces  c 
and  f  move  past  each  other  and  thus  exchange  places,  it 
is  readily  seen  that  the  effect  is  to  make  the  current  pass 
through  the  portion  of  the  coil  between  c  and  f  in  the 
opposite  direction  to  what  it  did  before;  hence,  with  the 
contacts  in  this  latter  position,  the  line  E.  M.  F.  will  be 
diminished  by  the  E.  M.  F.  induced  in  tlie  portion  of  the 
coil  cut  in.  It  follows,  then,  that  with  this  arrangement, 
the  E.  M.  F.  applied  to  the  line  may  be  raised  or  lowered 
by  the  E.  M.  F.  supplied  to  the  coil  C  D.  For  example, 
in  a  regulator  designed  for  a  circuit  of  1,100  volts,  the 
adjustable  coil  is  wound  for  2.*50  volts  and  is  divided  into 
^l'.\  sections  of  10  volts  each.  The  voltage  on  the  line 
can,  therefore,  be  varied  from  1,100  —  2:50  to  lJ00-f230, 
i.  e.,  from  870  to  1,330  volts.  This  allows  quite  a  wide 
variation  in  the  number  of  lamps  that  can  he  operated 
on  a  circuit  and  gives  at  the  same  time  a  ready  means 
of  adjusting  the  current  in  case  a  few  lamps  happen  to 
burn  out. 
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Fig.  40  shows  the  general  appearance  of  oneof  these  regu- 
lators. The  regulating  dial  is  seen  in  the  center  and  is  so 
rranged  that  when  the  wheel  is 
turned,  one  arm  moves  in  one  direc- 
tion and  the  other  arm  in  the  oppo- 
site direction.  The  switch  at  the 
top  of  the  board  serves  to  disconnect 
the  regulator  from  the  circuit  and 
dynamo. 

75,  West  Ingfh  oil  se  Constant- 
Current  Incandescent  8}-steni. — 
The  series-incandescent  street-light- 
ing devices  used  by  the  Westinghouse 
Company  are  considerably  different 
from  the  two  previously  described,  in 
regard  to  the  method  of  compensa- 
ting for  burned-out  lamps.  Ordinary 
50-volt  or  100-volt  lamps  are  used. 
For  example,  on  a  1,000-volt  cir- 
cuit, W  50-volt  or  10  100-volt  lamps 
would  be  connected  in  series.  These 
Fio.  40.  are    i>rcferabie    to    the    low-voltage 

20-volt  lamps,  because  they  are  more  efficient.     Moreover, 
the  ordinary  50-volt  or  lOO-volt  lamps  are  cheaper.     The 
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operation   of    the  Westinghouse 
by   referring   to  Fig.   41.      /,,   /.,   I. 
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ten  100-volt  lamps  connected  across  the  1,000-volt  mains  iT/. 
Across    the   terminals  of  each   lamp  a  coil  r,  wound  on  a 
laminated  iron  core  d^  is  connected  so  that  the  coil  is  in 
shunt  with   the   lamp  under   ordinary  working  conditions. 
If  a  lamp  should  break,  the  current  must  then  pass  through 
the    coil.      As  long   as   the   lamp  is  unbroken,  but  a  very 
small  current  passes  through  the  shunt  coil;  just  enough 
current  will   flow  to  magnetize  the  coil  sufficiently  to  gen- 
erate a  counter   E.  M.  F.  of   100  volts.      When    the  lamp 
burns  out,  the  whole  current  passes  through  the  shunt  coil, 
but  as  the  iron  in  the  core  is  worked  at  a  point  near  satura- 
tion, the  counter  E.  M.  F.  rises  but  slightly  over  100  volts, 
although  the  current   through  the  coil  is  very  much  greater 
than  it  was   before   the  lamp  broke.     The  coil,  therefore, 
takes  the  place  of  the  lamp  and  introduces  into  the  circuit 
a  counter  E.  M.  F.  of  slightly  over  100  volts  to  take  the 
place  of   the  lamp.     The  current  remains  about  the  same 
and  the  life  of  the  remaining  lamps  is  not  endangered.      If 
as  many  as  four  or  five  lamps  are  out  at  once,  the  remaining 
lamps  become  somewhat  dim  on  account  of   the  fact  that 
each  shunt  coil  introduces  a  little  higher  counter   E.  M.  F. 
than   the   amount  of   the    drop    through    the    lamp    that  it 
replaces.     All  that  is  necessary  to  restore  the  circuit  to  its 
normal  condition  is  to  replace   the  burned-out  lamps.     This 
system  has  the  advantage  that  it 
is  automatic   in  its  action,  requir- 
ing no  attention  other  than  the  re- 
placing of  old  or  burned-out  lamps. 
It  also  has  the  advantage  that  it 
is  not   necessary  to  bring  the  cir- 
ruit  to  the   station.     One  end  of 
the  circuit  may  be  attached  to  the 
main  at  any  convenient  point  and 
the  other  end  attached  to  the  other 
main,  the  only  essential  being  that 
the  two  ends  shall  connect  to  the 
two  sides  of   the   circuit.     It  has  ^^^"  ^^' 

the  disadvantage  that  if  a  short  circuit  occurs  on  the  line. 
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a  number  of  the  shunt  coils  are  liable  to  be  burned  out. 
The  shunt  coils  are  mounted  in  cast-iron  boxes,  which  also 
serve  for  the  base  of  the  bracket  supporting  the  lamp. 
Fijf.   4*^  shows  the  shuut-coil  box.     The  hole  a  is  tapped 


Flo.  4S. 


lo  receive  the  jj:as-pi[H*  bracket,  as  shown  in  Fig.  43.  Street 
incandosconl  lamps  are  usually  provided  with  white  enam- 
eled retliH  li>rs  and  are  mounted  about  10  to  15  feet  above 
I  ho  vi  round. 


SI'  M  M  ARY. 

7tK  Tile  n\clluHls  ot  ilisiribuiivMi  descrilxxl  above  repre- 
Ncni  llu^so  vvMUiuonly  usovl  in  praolice.  and  it  will  be  seen 
ii\ai  tlio  clovirioal  cnj^inccr  has  a  large  numl>er  of  methtnls 
tiv^n  \\b.iv':\  tv^  ciiv\wo  when  iriStallinv:  a  plant.  Just  which 
v^r.o  is  Ihs;  s;:i:cvl  to  a!\y  |Mriiciilar  case  will  be  decided 
larcc'.y  !n  :r.o  atuv^r.r:  v>t  the  jvnvcr  anvi  the  distance  over 
\\h:oh  i:  is  :o  !v  trar.sir.iiiov*.  The  i:s<' i^f  multiphase  sys- 
terr.s  is  Invv^inii^c  vorv  iv^:^;:!ar,  an«.:  thev  are  now  verv 
Or  :r-:v.  r.  whonevor  :*:u'  :\\vor  is  tv^  K^  transmitted  for  any 
o^nsivu r.iV'.e  v:i<t,ir.vX\  Kithcr  the  twx^  rhaso  or  three-phase 
sys:en:s  are  s::::a*:  *.c  :  r  this  w  v^rk.  ar.vt  thort^  is  little  choice 
Ixtwet^r.  :h*v  :r..  I^ircvt  v  ;:rrent,  r.si'^.ii  either  the  tw^wwire  «»r 
ihree-wire  svsieni,  will.  n.    Cv>ubt,  cx^ntinue  lo  be  usietl  verv 


S  ir.  ELECTRIC   LIGHTING.  69 

extensively  for  isolated  plants  or  for  supplying  light  to 
compact  and  thickly  settled  districts;  it  is  simpler  for  this 
purpose  than  alternating  current,  and  there  is  no  need  of 
using  a  high  pressure  under  such  circumstances,  as  the 
saving  in  copper  would  be  more  than  offset  by  the  addi- 
tional cost  of  transformers. 


LIKE    CALCULATIONS. 


T\VO-^VrRE    AND   TIIRKE-AVIRE,    I>IREC:T-CFRRENT   SYSTEMS. 

77.  The  methods  for  calculating  the  size  of  wire  required 
to  transmit  a  given  current  over  a  given  distance  with  a 
certain  allowable  drop  are  the  same  as  those  used  for  the 
calculation  of  power-transmission  lines,  though  sometimes 
the  formulas  are  put  in  a  slightly  different  form  so  as  to  be 
more  directly  applicable  to  the  subject  of  electric  lighting. 

78.  The  formula  that  is  most  generally  applicable  is  the 
following: 

A  = ,  (5.) 

where  A  =  required  area  of  cross-section  of  wire  in  circular 

mils; 
£)  =  distance  in  feet  (one  way)  to  point  where  current 

is  distributed ; 
C  =  current  in  amperes  transmitted; 
f  =  drop  in  volts. 

In  making  line  calculations  in  connection  with  electric 
lighting,  some  judgment  must  be  exercised  in  choosing  the 
value  of  the  distance  D.  This  is  not  the  distance  to  the 
first  lamp  supplied  or  the  distance  to  the  farthest  lamp,  but 
the  distance  to  the  center  of  distribution;  in  other  words, 
the  distance  to  the  point  at  which  we  might  imagine  all  the 
lamps  to  be  grouped.  The  product  of  the  distance  D  to  the 
center  of  distribution  and  the  current  C  is  often  spoken  of 
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as  the  ampere-feet  of  the  circuit;  hence,  we  may  write  the 
rule  as  follows: 

Rule.  — -  The  area  in  circular  viils  required  for  a  two-wire 
circuit  is  found  by  multiplying  the  ampere-feet  by  21.6  and 
dividing  by  the  drop  in  volts. 

79.  Center  of  Distribution. — The  distance  D  to  the 
center  of  distribution  will  be  best  understood  by  taking  a 
few  cases  illustrating  the  point.  Consider  a  number  of 
lamps  /,  /,  Fig.  44,  arranged  as  shown  and  fed  by  the 
dynamo  A.  The  distance  from  the  dynamo  to  the  first 
lamp  is  1,000  feet,  and  the  lamps  are  spaced  out  over  a  dis- 
tance of  100  feet.     The  whole  of  the  current  would  have  to 


tOOO  feet 44 HfO  fie^- 


'Wimi 


D'/050  feet 


Fig.  44. 

be  transmitted  through  the  first  1,000  feet,  but  from  that 
point  it  would  gradually  fall  off.  We  may  then  take  the 
point  a  as  the  center  of  distribution,  because  the  load  is 
about  equally  distributed  on  each  side  of  this  point,  and  the 
distance  D  used  in  the  formula  would  be  1,050  feet. 

Take  the  case  shown  in  Fig.  45,  where  the  lamps  are  spaced 
evenly  all  the  way  along  the  line.     In  this  case,  the  center  of 
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Fig.  45. 

distribution  a  may  be  taken  as  at  the  middle,  and  hence  the 
distance  D  is  only  one-half  the  length  of  the  line  from  A  to 
/>.  The  exact  location  of  the  center  of  distribution  becomes 
more  difficult  to  determine  when  the  load  is  unevenly  spaced 
or  distributed,  but  in  most  cases  it  can  be  located  close 
enough  for  practical  purposes  by  laying  out  the  system  and 
noting  carefully  the  loads  on  the  different  circuits. 
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80.  Current  Estimation. — The  current  can  be  readily 
determined  when  the  nature  of  the  load  is  known.  The  gen- 
eral practice  is  to  allow  ^  ampere  for  each  10-candlepower 
lamp  and  1  ampere  for  a  32-candlepower  lamp  on  110- volt 
circuits.  It  might  be  well  to  mention  at  this  point  that  some 
prefer  to  make  calculations  for  lighting  circuits  by  using 
lamp-fctt  instead  of  ampere-feet.  The  number  of  lamp- 
feet  is  the  product  of  the  number  of  IG-candlepower  lamps 
to  be  supplied  and  the  distance  to  the  center  of  distribution. 
When  this  term  is  used,  it  always  implies  the  use  of 
ir.-candlepower  lamps;  if  any  32-candlepower  lamps  are 
operated,  each  lamp  must  be  counted  as  two  16-candlepower, 
etc.     If  lamp-feet  are  used,  the  formula  becomes 

A  = ,  (6.) 

where  A  =  area  in  circular  mils ; 

D  =  distance  in  feet  one  way  to  center  of  distribu- 
tion; 

N'=  number  of  lamps  (expressed  in  terms  of  10-can- 
dlepower lamps) ; 

e  =  drop  in  volts. 

Rule. —  To  determine  the  area  of  eross-section  for  a  two- 
ivire  110-volt  circuity  multiply  the  lamp- feet  by  10.8  and 
divide  by  the  drop  in  volts, 

81.  This  rule  is  here  given  because  it  is  frequently  used. 
Formula  5  is,  however,  much  to  be  preferred,  because  for- 
muhi  6  assumes  that  each  lamp  takes  ^  ampere,  and  this  may 
or  may  not  be  the  case.  Formula  5  is  api)licable  to  any 
case  because  the  current  is  used  in  it,  and  this  current  is 
determined  from  a  knowledge  of  the  devices  to  be  operated. 
The  use  of  these  formulas  will  be  understood  from  the  fol- 
lowing examples,  applying  them  to  the  calculations  of  lines 
for  an  ordinary  two-wire  lighting  system.  We  will  first 
take  the  simple  case  shown  in  Fig.  44. 

E.XAMPLE  1. — A  dynamo  A,  Fig.  44.  delivers  current  at  110  volts  to 
50  lamps  distributed  as  shown  about  a  as  a  center.  The  dn)p  must  not 
exceed  10  volts.     Find  the  size  of  wire  required. 
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SoLCTiox. — The  distance  to  the  center  of  distribution  is  here 
1.0«50  feet,  as  already  explained.  The  current  will  be  25  amperes, 
because  each  lamp  will  take  |  ampere.     Using  formula  5,  we  have 

21-6  X  1.C60  X  25 


A  = 


10 


=  56,700  cir.  mils.     Ans. 


A  Xo.  3  B.  &  Sc  wire  would  likely  be  used. 

Ex.\MPLE  2, — A  dynamo  .^,  Fig.  46,  supplies  current  through  the 
feeders  fi,  t  to  the  feeding-in  point  a.  From  this  point  lamps  are  sup- 
plied by  means  of  the  mains  </.  r  and/".  ^.  The  number  of  16-candle- 
power  lamps  and  the  varitHis  distances  are  shown  in  the  figure.  The 
total  drop  in  voltage  from  the  dynamo  to  the  last  lamps  must  not 
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exceed  15  volts,  of  which  V^  volts  is  to  be  in  the  feeders  and  2  volts  in 
the  mains;  required.  (</)  the  cros---section  and  gauge  number  of  the 
feeders  b^  c\  {b)  the  cross-section  and  nearest  gauge  number  of 
the    mains    d,  t\    (t )    the    cross-section    and    nearest    gauge    number 

of  the  mainsy",  x^. 

SoiATioN. —        150  lamj^>s  will  require  75  amperes. 

50  lamj^s  will  require  25  amjieres. 

Total  current  KM)  amfx^res. 

{li)  Wc  are  allowed  a  drop  of  i:^  volts  in  the  feeders  and  a  drop  of 
2  volts  in  the  mains.  No  current  is  taken  from  the  feeders  at  any 
intermediate  point;  hence,  the  distance  D  from  the  dynamo  to  the 
center  of  distribution  a  will  be  taken  the  same  as  the  actual  distance, 
i.  e.,  4(X)  feet.     Using  formula  5,  we  have,  then,  for  the  feeders 


//  r= 


2|.f)  X  400  X  KM) 


=  66.401  cir.  mils. 


This  would  call  for  a  No.  2  R  &  S.  wire.     Ans. 
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{/»)  The  current  in  the  mains  if,  r  will  be  25  amperes.  The  distance 
from  ti  to  the  center  of  distribution  will  be  200  +  i}^  =  250  feet,  because 
the  lamps  are  spaced  evenly  along  the  last  100  feet.  The  drop  in  the 
mains  is  not  to  exceed  2  volts ;  hence,  we  have 

21.6  X  250  X  25       -^  -^    .  •      .,         . 
A  = ^^ — — —  =  67,500  cir.  mils.     Ans. 

This  also  would  call  for  a  No.  2  B.  &  S.  wire.  No.  2  B.  &  S.  wire  is 
a  little  smaller  than  the  cross-section  called  for,  but  it  would  probably 
be  used,  as  the  increased  drop  caused  by  doing  so  would  be  very  small. 

{t)  The  current  supplied  through  mains /,  j^  is  75  amperes.  Here 
the  load  is  uniformly  distributed  along  the  mains,  and  the  distance  to 
the  center  of  distribution  is  J^l*^  =  65  feet.     The  drop  is  2  volts.     We 

have,  then, 

.      21.6  X  65  X  75  . 

A  = 5 =  52.6.)0  cir.  mils. 

This  would  call  for  a  No.  3  B.  &  S.  wire.     Ans. 

It  will  be  noticed  in  this  example  that  although  the  mains  carry  a 
smaller  current  over  a  shorter  distance  than  the  feeders,  they  work  out 
about  the  same  size.  This  is  because  of  the  large  drop  allowed  in  the 
feeders  compared  with  that  in  the  mains. 

Example  3. — Fig.  47  shows  a  three-wire  distributing  system.  The 
dynamos  A,  B  supply  current  through  feeders  to  the  junction  boxy. 
From  this  point  mains  are  carried  to  the  buildings  where  light  is  to  be 
supplied.  In  this  case,  the  conductors  marked  mains  are  sometimes 
called  subfeeders,  because  they  are  really  branches  of  the  main  feeder 
and  no  branches  arc  taken  off  between  the  junction  box  and  the  end  of 
these  lines.  In  this  ca.se,  the  total  drop  from  the  dynamo  to  the  lamps 
is  not  to  exceed  10  per  cent,  of  the  lamp  voltage,  and  tlie  pressure  at 
the  lamps  is  to  be  110  volts,  {a)  Calculate  the  size  of  the  feeders  C. 
{h)  Calculate  the  size  of  the  mains  77.  {c)  Calculate  the  size  of  the 
mains  K.  The  calculation  of  the  size  of  wires  required  for  the  house 
wiring  will  not  be  taken  up  here,  as  it  belongs  to  interior  wiring  and 
we  are  only  concerned  for  the  present  with  the  outside  distributing 
wires.  The  pressure  at  the  dynamo  will  be  110  f  110  X  1  =  1-1  volts. 
Of  the  total  drop  of  10  per  cent,  we  will  allow  1.5  jier  cent,  in  the  house 
wiring,  3.5  i)er  cent,  in  the  mains,  and  the  remaining  5  per  cent,  in  the 
feeders,  as  indicated  in  the  figure. 

Solution. — In  calculating  the  size  of  the  conductors,  we  will  con- 
sider the  system  as  a  two-wire  system,  the  pressure  between  the  two 
outside  wires  at  the  lamps  being  2  x  HO  --  220  volts  and  at  the 
dynamo  2  X  121  =  242  volts.  We  will  obtain  the  size  of  the  outside 
wires,  and  a  neutral  wire  one-half  the  size  of  the  outside  wires  should 
be  amply  sufficient.  The  total  current  supplied  may  be  obtained  as 
follows : 
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(a)  Each  pair  of  lamps  on  a  aSO-volt  three-wire  system  requires 
f  ampere;  hence,  current  in  line  D  will  l>e  ^J*  =  25  amperes.  Current 
in  A~  will  be  ij*  =  100  amperes.  Total  current  in  the  feeders  C  will  be 
135  amperes.  The  total  drop  between  the  outside  wires  is  242  —  220 
=  33  volts.  The  drop  in  the  main  feeders  is  to  be  S  per  cent,  of 
the  lamp  voltage,  or  220  x  .05  =  11.  or  5.5  volts  on  each  side.  The  dis- 
tance to  the  center  of  distribution  is  TOO  feet ;  hence, 
21.6x700  X  125 


=  171,818  ci 


.  mils.    Ans. 


This  would  call  for  a  No.  000  B.  &  5.  wire  for  the  outside  wires  from  the 
dynamo  up  to  the  pointy.    Theneutral  wire  could  be  made  about  No.  1. 


816 


ELECTRIC   LIGHTING. 


76 


CALiCrXATIONS  FOR  ALTERXATING-CURRENT    LINES. 

83,  A  load  that  consists  wholly  of  lamps  possesses  very 
little  self-induction,  and  for  ordinary  lighting  systems, 
where  the  distances  are  short,  it  is  usual  to  make  the  calcu- 
lations for  lines  carrying  alternating  current  in  the  same 
way  as  already  described  for  the  direct-current  system. 
This  assumes  the  power  factor  to  be  1,  which  is  not  exactly 
true.  If  greater  accuracy  is  required,  formulas  taking  into 
consideration  the  power  factor  should  be  used.  After  the 
primary  current  has  been  determined  and  the  distance  to 
the  center  of  distribution  is  known,  the  size  of  the  primary 
line  wire  may  be  worked  out.  The  power  supplied  over  the 
line  must  be  slightly  greater  than  that  supplied  to  the 
lamps,  on  account  of  the  loss  in  the  transformers.  This  loss 
will  depend,  of  course,  on  the  efficiency  of  the  transformer; 
some  of  the  older  styles  had  a  low  efficiency,  but  very  little 
power  is  wasted  in  transformers  of  modern  make.  Table  III 
gives  the  average  efficiency  at  full  load,  as  attained  by  good 
transformers. 

TABLE   III. 


EFFICTKNCY  OF 

TliANSFORMERS. 

Output. 

Efficiency. 

Output. 

Efficiency. 

Watts. 

Per  cent. 

Watts. 

Per  cent. 

1,000 

94.8 

7,000 

9(1.  SO 

2,000 

95.7 

8,000 

im;.85 

3,000 

96.2 

9,000 

91).  90 

4,000 

96.4 

10,000 

911.95 

5,000 

96.6 

15,000 

97.^*0 

0,000 

96.7 

83,     In    order   to    illustrate    the    calculation   of  primary 
mains,  we  will  consider  the  case  .shown  in  Fig.  4S. 

Example. — Current  is  supplied  to  the  transformers  7' by  means  of 
the  primary  mains  A^  B.     The  voltage  at  the  lamps  is  to  be  104  volts 
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(a  common  value  used  in  connection  with  alternating-current  lighting 
work).  A  total  of  1,000  16-candlepower  lamps  is  to  be  operated  from 
the  secondaries.  The  voltage  at  the  transformer  is  to  be  2,000  volts  at 
full  load  and  the  drop  in  the  primary  mains  300  volts,  thus  making  the 
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Fig.  48. 


voltage  at  the  alternator  2,200  volts  at  full  load.  The  loss  in  the  sec- 
ondary wiring  at  full  load  must  not  exceed  2  volts,  and  the  lamps 
require  3.5  watts  per  candlepower.  The  average  efficiency  of  the  trans- 
formers may  be  taken  at  96  per  cent.  Required  the  cross-section  of  the 
primary  wires. 

Solution. — Each  lamp  requires  16  X  3.5  =  56  watts,  and  1,000  lamps 
would  call  for  56, (MX)  watts  in  the  secondary  circuit  at  the  lamps.  The 
total  secondary  current  would  be ''J J J^  amperes,  and  since  there  is  a 
drop  of  2  volts  in  the  secondary  wiring,  the  number  of  watts  lost  will  be 
"loi"  X  2,  and  the  total  watts  delivered  by  the  secondary  must  be 
56,000  -+-  5;;;j"  x  2  :=  57,077,  nearly.     The  watts  delivered  to  the  pri- 

57,077 


maries  would  be 


,96 


—  59,455,  and  since  the  primary  voltage  of  the 


transformers  is  2,(MH).  the  primary  current  will  be  VAV  =  29.73  amperes, 
nearly.  Having  determined  the  primary  current,  we  can  now  calculate 
the  size  of  the  line.  The  distance  in  this  case  is  2  miles,  or  10,560  feet, 
and  the  drop  2iM)  volts.  We  may  now  use  formula  5,  considering  the 
problem  the  same  as  for  a  continuous-current  circuit. 


'/  = 


21.6  X  10.560  X  29.73 
200 


=  33,906,  approximately.     Ans. 


This  would  call  for  a  No.  5  B.  &  S.  wire. 
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84.  For  rough  calculations  of  the  primary  current  on 
1,000-volt  and  2,000-volt  primary  mains,  the  following 
allowance  per  lamp  may  be  used : 


TABLE    IV. 


CURRENT  AI^LOWANCE  PER  LAMP. 


Candlepower  of 
Lamp. 


10 
16 
32 
50 


1.000  Volts 
Primary  Pressure. 

Current  per  Lamp. 


2,000  Volts 
Primary  Pressure. 

Current  per  Lamp. 


.0175 
.0250 
.0500 
.0750 


For  example,  if  800  IG-candlepower  lamps  were  operated 
on  a  2,000-volt  circuit,  the  primary  current  would  be  about 
800  X.025  =  20  amperes.  This,  of  course,  does  not  give  the 
current  exactly,  because  to  obtain  this  the  efficiency  of  the 
transformers  and  the  lamps  should  be  known,  but  it  affords 
a  ready  means  of  getting  at  the  current  approximately 
when  preliminary  calculations  are  being  made.  In  many 
cases,  the  more  refined  calculations  would  not  change  the 
size  of  the  wire  in  any  event,  because  the  wire  selected  must 
be  taken  as  one  of  the  standard  sizes,  and  this  in  most  cases 
is  not  the  same  as  the  calculated  size. 


85.  In  case  the  lamps  are  operated  on  two-phase  or 
three-phase  systems,  the  watts  to  be  supplied  by  the  alter- 
nator can  easily  be  obtained  when  the  watts  per  lamp  and 
the  efficiency  of  the  transformers  are  known.  After  the 
watts  have  been  determined,  the  formulas  given  in  Electric 
Transmission^  Part  1,  may  be  used  to  calculate  the  size  of 
the  wire. 
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ExAifPLB. —  1,000  16-candlepower,  60-watt  lamps  are  to  be  operated 
on  a  three-phase  system  at  a  point  16,000  feet  from  the  station.  The 
voltage  at  the  transformers  is  to  be  3,000,  and  10  per  cent,  of  the  power 
delivered  is  to  be  allowed  as  loss  in  the  line.  The  transformer  efficiency 
is  06  per  cent.,  and  2  per  cent,  of  the  power  delivered  at  the  lamps  is 
lost  in  the  secondary  wiring.  Find  the  necessary  cross-section  of  the 
line  wires. 

Solution.— Power  supplied  to  lamps  =  1,000  x  60  =  60,000  watts. 
Power  delivered  by  secondaries  =  60,000  4-  .03  X  60,000  =  61 ,200.    Power 

A1  900 

supplied  to  transformers  from  primary  lines  =  — ^-  =  63,750  watts. 

Referring  to  Electric  Transmission^  Part  1,  wc  find  that  the  circular 
mils  are  given  by  the  formula 

Circular  mils  =  ~wi-rT-L<^  X  /. 

/  X  ^1 

In  this  case,  D  =  16,000;  Ex  =  2,000;  P  =  10.  Since  this  is  to  be  a 
three-phase  system  and  the  load  consists  wholly  of  lights,  the  con- 
stant /  may  be  taken  as  1,200. 

Hence, 

1         .1  16,000  X  68.750         .  ,^^      «/v  -.^ 

Circular  m.ls  =  j^^^—^^^-^  X  1.800  =  80.600.    Ans. 

This  is  l)etween  a  No.  5  and  a  No.  6  H.  &  S.  wire.  The  No.  5  wire 
would  most  likely  be  used. 

80.  When  the  total  watts  to  be  delivered  are  known,  the 
current  in  the  line  and  the  drop  in  voltage  may  be  estimated 
by  means  of  the  formulas  jriven  in  lilcctric  Transmission^ 
Part  1.  The  percentage  drop  in  voltage  may  be  consider- 
ably greater  than  the  jKjrcentage  h)ss  in  power  if  the  lines 
arc  long  and  spread  a  considerable  distance  apart,  because 
under  such  circumstances  the  self-induction  of  the  lines 
would  have  considerable  effect.  It  is  customary  when 
making  calculations  with  regard  to  ordinary  single-phase 
lighting  circuits  that  are  not  of  great  length  to  use  the 
rules  given  for  direct  current.  This  is  especially  true  with 
regard  to  the  secondary  distri])uting  system,  and  in  nearly 
all  cases  will  give  results  sufficiently  accurate  for  practical 
purposes. 


ELECTRIC   LIGHTING.  79 

THE  LIGHTING  STATION. 

S7,    The  design  of  the  central  station  for  an  electric-light- 
g  plant  involves  a  great  many  considerations  that  depend 
1  the  system  of  distribution  adopted.      The  choice  of  the 
ystera  itself,  as  to  whether  the  direct  or  alternating  current 
hould  be  used,  is  dependent  on  the  area  of  the  territory  to 
3e  lighted  and  on  the  distance  between  the  centers  of  gener- 
ation and  distribution.     Thus,  for  small  districts  in  which 
the  lighting  is  dense  and  in  which  the  central  station  can 
be  placed  approximately  in  the  center  of  the  area  illuminated, 
the  two-wire,  direct-current,  low-pressure  system  is  the  one 
most  suitable.     It  has  been  found,   however,    that   such  a 
system  is  no  longer  economical  when  the  mean  length  of  the 
feeders  becomes  greater  than  300  yards. 

By  the  Edison  three-wire  system,  the  distribution  of  direct- 
current,  low-pressure  supply  may  be  economically  conducted 
for  a  feeder  length  of  from  one-half  to  three-quarters  of  a 
mile.  The  five-wire  system  allows  of  a  mean  feeder  length 
of  one  mile.  Beyond  this  distance  direct-current  systems  are 
t(X)  costly,  and,  therefore,  the  alternating-current  system  is 
used. 

88.  The  liocation  of  the  Centnil  Htntlon.  —  Since 
nearly  all  incandescent-lighting  stations  use  the  constant- 
potential  or  parallel  system  of  distribution,  the  location  of 
the  station  with  reference  to  the  district  to  be  supplied  is  of 
the  highest  importance  and  should  never  be  decided  on 
until  all  conditions  entering  into  the  problem  have  been 
carefully  weighed;  for  when  this  system  is  used  the  question 
of  conducting  heavy  currents  makes  the  cost  of  the  con- 
ductor a  figure  that  must  be  kept  as  low  as  possible,  and 
this  can  only  be  attained  by  making  all  distances  as  short  as 
possible.  This  would  mean  that  the  central  station  should 
be  placed  in  the  center  of  the  system  to  be  served.  Very 
often  it  is  found  that,  owing  to  the  questions  of  coal  and 
water  supply,  the  price  of  real  estate,  or  other  local  con- 
ditions, the  central  station  cannot  be  placed  in  the  center 
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■>c  the  >ysceiiu  -md  that  the  I«:»6s  in  conductor  copper  is  offset 
by  •  cher  dvivujitj.;^e<.  The^e  are  points  that  the  designing 
engrlneer  o^csider^  jfter  studying  the  map  of  the  area  to  be 
served  arte  the  e<ti:ra.tet>  »?t  the  pn->bable  supply. 

En  i^eneml.  h'/'wever.  it  will  be  observed  that  the  cen- 
tml  >tat:«^Q  in  parxllel  distribution  forms  very  nearly  the 
electrical  center  ot  y:ravity  ot  the  s}-stem.  The  present 
tendencv  in  :ar\:e  cities  seems  to  be  towards  the  consoli- 
dati'^n  «^c  the  j^eneratin^;  plant  in  one  large  central  station 
I*xa:ed  at  >*  nie  p«^int  where  the  fuel  and  water  supply  is 
sx«>kI.  This  is  the  natural  ^^uto^me  of  high-tension  transmis- 
si'Hi.  These  stati-^ns  are  po->vided  with  alternators  of  large 
output  that  siiL^Luy  current  at  high  pressure  to  various  sub- 
stations Ivvatevt  near  the  txnnts  of  distribution.  By  utilizing 
this  hie h- pressure  transmission  scheme,  it  becomes  unneces- 
sary  v^  have  the  i^Iant  I' vatevl  near  the  p^nnt  where  the  current 
is  usevi.  Such  an  arran^cement  involves  more  complication 
than  where  the  current  is  supplied  directly  from  the  gener- 
ating stati'>n,  but  for  large  cities  it  is,  nevertheless,  found  to 
Ix*  advantage*  HIS. 

Sl>.     The    l$4>llors.  —  The   irreatest    demand  for  current 

tr- 'in  a  central  stati'n  sup-jlvini:  liirhtinvr  circuits  occurs  at 
statr-'i  h"ur>.  duriiv^  which  time  the  IxMlers  are  usually 
«  a!Ir-»i  iiiH.n  f. .r  their  full  steam  capacity.      Before  and  after 

A.  . 

tri;^  time  the  demand  t^r  current  is  very  much  less,  and  the 
!"•:!'  r<  arr.  theref.Te.  n.-t  '►tten  worked  to  their  full  capacity. 
^  r.:r--<  thry  are  used  cv>ntinu» >usly,  it  is  evident  that  the 
li'^duin'4  an<l  ririni:  up  ..f  the  several  boilers  for  only  short 
prri'wls  durinv;  the  evening-  pnxhices  an  immense  waste  of 
hf-at  from  radiation  and  ct.nducti».n.  which  takes  place  as 
they  rof>l  down  after  having  been  thrown  out  of  use.  Such 
losses  are,  of  cr)urse.  increased  when  there  are  larger  masses 
of  bri(:kwr)rk  in  direct  contact  with  the  fuel  which  must  be 
heated  ni>.  Fr.r  this  reason,  internally  tired  boilers,  such  as 
the  niarin*!  broilers  ar  the  Lancashire  type,  are  often  used, 
though  the  latter  has  the  oi)jectionable  feature  of  requiring 
WW  h  floor  space.      (Mving  i)  this  cause,  water-tube  boilers, 
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of  which  the  well-known  Babcock  &  Wilcox  is  a  good  example, 
are  very  generally  used' in  electric-lighting  stations. 

90.  The  Eiifirlnes. — In  the  selection  of  engines,  the 
choice  lies  between  direct-coupled  engines  and  those  driving 
dynamos  by  belting  or  rope  gear. 

The  engine  built  for  direct  coupling  to  dynamos  must 
necessarily  have  the  speed  required  to  run  the  dynamo. 
This  speed  is  a  relatively  high  one  for  engines,  even  where 
the  dynamo  is  very  large,  and  until  quite  recently  such 
engines  were  not  numerous.  At  present,  however,  high- 
speed engines  of  high  grade  are  much  used,  and  the  modern 
central  station  is  mainly  equipped  with  direct-coupled 
machines.  These  are  particularly  adapted  to  stations  where 
space  is  limited.  Where  this  is  not  the  case,  many  plants 
drive  their  dynamos  in  groups,  either  from  the  engine  fly- 
wheel or  by  means  of  belting. 


DYXAMOS    FOU  INCANDESCENT    LIGHTING. 

91.  The  type  of  dynamo  used  for  operating  a  lighting 
system  will  depend  on  the  method  of  distribution  adopted. 
The  construction  of  the  dynamo  will  also  depend  to  some 
extent  on  the  method  used  for  driving  it;  i.  e.,  on  whether 
it  is  driven  by  means  of  a  belt  or  coupled  directly  to  the 
steam  engine  or  waterwheel.  We  will  consider,  briefly,  a 
few  of  the  different  types  used  in  order  to  point  out  some  of 
their  distinguishing  features. 


I>IUKCrr-(;UUKENT  i>vxamos. 

O*^.  JJelt-Drlveu  Dyiiaiiios. — Dynamos  used  for  oper- 
ating incandescent  lamps  on  the  two-wire  or  three-wire 
systems  are  almost  invariably  compound- wound.  Shunt- 
wound  machines  were  used  some  years  ago  for  this  })urpose, 
but  the  compound-wound  machine  is  much  better,  since  it 
keeps  the  voltage  at  the  right  valuer  automatically.  Usually 
the  machines  ar^  overcompounded,  so  as  to  give  a  rise  in 
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voltage  from  no  load  to  full  load  corresponding  to  the  drop 
in  the  line,  and  thus  keeping  the  pressure  at  the  lamps  con- 


MMcrn  iiyii;inn'S  used  tor   this  pnrpttse  are  nearly 
ol    the  miiUiiK'lar    tyito.      Two-jmle    machines  were 
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formerly  much  used,  but  these  have  given  place  to  the  mul- 
tipolar type.  All  the  dynamos  used  for  any  kind  of  work 
may  be  divided  into  two  classes,  according  to  the  method 
used  for  driving  them,  i.  e.,  belt  driven,  and  direct  con- 
nect eel.     • 

Fig.  49  shows  a  Wood  eight-pole  compound-w^ound  dynamo 
as  used  for  lighting  on  a  110-volt,  two-wire  system,  or 
1 10-220- volt,  three-wire  system.  This  machine  is  mounted 
on  rails  R^  so  that  the  tension  of  the  belt  may  be  adjusted 
by  sliding  the  machine  by  means  of  the  ratchets  'I\  T.  The 
magnet  yoke  A  is  circular  and  is  provided  with  eight 
inwardly  projecting  poles,  each  of  which  is  provided  with  a 
field  spool  B.  Each  of  these  spools  is  provided  with  two 
windings:  a  shunt  winding,  consisting  of  comparatively  fine 
wire,  and  a  series  winding,  usually  of  copper  strip  or  heavy 
wire,  capable  of  carrying  the  whole  current  furnished  by 
the  machine.  One  terminal  of  the  machine  is  shown  at  r, 
and  the  other  is  on  the  opposite  side  of  the  pedestal.  From 
these  two  terminals  the  positive  and  negative  leads  are 
carried  to  the  switchboard.  The  connections  for  the  shunt 
winding  and  the  shunt-field  rheostat  are  made  by  means  of 
the  small  terminals  j,  s.  When  two  or  more  machines  are 
run  in  multiple,  a  third  main  connection  is  led  from  the  ter- 
minal E  to  the  equalizing  bar  on  the  switchboard.  The 
machine  shown  has  a  capacity  of  200  kilowatts,  runs  at 
500  revolutions  per  minute,  and  weighs  a  little  over  \)  tons 
complete.  Belt-driven  machines  are  smaller  and  cheaper 
for  the  same  output  than  direct-connected  machines,  because 
they  run  at  a  higher  speed.  Notwithstanding  this  fact,  the 
direct-connected  type  is  becoming  very  popular,  especially 
in  places  where  economy  of  space  and  compact  arrangement 
are  desired. 

93.  Direct-Connected  Dyniinios.  —  Bv  usini>:  direct- 
driven  machines,  all  wear  and  tear  on  belts  is  avoided  and 
a  large  saving  in  space  eflfected.  Fig.  50  shows  a  com- 
pound-wound dynamo  made  by  the  Fort  Wayne  l^lectric 
Works  direct  connected   to  a  high-speed  engine,  and  is  a 
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typical  example  of  a  multipolar  direct-driven  set.     Such  a 
combination  is  largely  used  for  isolated  plants  and  also  for 
central  stations  of  moderate  size.     For  larger  stations  it  is 
customary   to  use  slow-speed   engines   of   the  Corliss  type 
direct  connected  to  large  multipolar  dynamos.     The  dynamo, 
Fig.  50,  is  mounted  upon  an  extension  bedplate  A  provided 
with  an  outboard  bearing  B.     This  machine  is  compound- 
wound,  tf,  a*  being  the  leads  connecting  to  the  terminals  of 
the  series  coils;   C  and  D  are  the   mains  running   to   the 
switchboard ;  the  leads  from  the  brushes  are  attached  to  the 
connection  boards,  one  of  which  is  shown  at  F,     The  termi- 
nal   for   the   equalizing   wire   is   shown   at    G.     The  small 
leads  //,  h'  are  connected  to  the  shunt  winding  and  arc  led 
to  the   switchboard  so  that  the  field  rheostat  may  be  con- 
nected   in  series  with  the  shunt   field.     The  hand  wheels 
shown    at    W  are   for   adjusting   the    brushes  to  the   non- 
sparking  point  and  clamping  them  in  position.     Nearly  all 
modern  dynamos  use  carbon  brushes,  except,  perhaps,  a  few 
machines  where  the  voltage  is  low  and  the  current  corre- 
spondingly large.     In  order  to  use  carbon  brushes  without 
overheating  at  the  commutator,   it    is    necessary   to   allow 
ample  contact  surface  between    brushes   and  commutator. 
Usually  about   1   square   inch  of   brush  contact    surface  is 
necessary  for  every  30  to  40  amperes  collected,  and  in  the 
case  of  low-tension  incandescent-lighting  dynamos  this  calls 
for    a    large  commutator.      Notwithstanding  the    fact  that 
carbon  brushes  require  a  much  larger  and  more  expensive 
commutator  than  copper   brushes,    they    operate   so   much 
better    that    the    increased    first    cost    is   warranted.     The 
carbon  brushes  run  with  much  less  sparking  and  do  not  cut 
the  commutator,  as  copper   brushes  are  apt  to  do,    unless 
they  are  very  carefully  looked    after.      Most    incandescent 
dynamos  have  bar- wound  armatures,   i.  e.,   the  conductors 
on  the  armatures  are  in  the  shape  of  copper  bars  rather  than 
wires,  because  a  large  cross-section  of  conductor  is  necessary 
in  order  to  carry  the  current.     The  ends  of  these  bars  lead- 
ing   to    the    commutator    are    seen    at   J/,    Fig.    50.      The 
machine  here  shown  has  a  capacity  of  75  kilowatts  and  runs 
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at  a  speed  of  275  revolutions  per  minute.  The  speed  of  the 
larger  sizes  of  direct-connected  machine  is  correspondingly 
lower,  and  in  case  they  are  direct  connected  to  large,  slow- 
speed  Corliss  engines,  the  speed  is  usually  from  75  to 
100  revolutions  per  minute. 


ALTERNATING-CURRENT  DYNAMOS. 

94:.  Alternators  may  be  constructed  with  either  the  arma- 
ture or  field  as  the  revolving  member,  or  they  may  be  made 
without  any  revolving  wire  whatever,  the  only  revolving 
part  being  a  mass  of  iron,  called  an  Inductor.  We  may 
have,  then,  a  comparatively  large  number  of  different  types 
of  alternators  to  choose  from  as  compared  with  direct- 
current  machines.  When  alternating  current  first  came 
into  use  for  lighting  work,  machines  with  revolving  arma- 
ture and  stationary  field  were  the  only  kind  used,  and  these 
machines  were  almost  invariably  belt  driven.  The  fre- 
quency employed  was  usually  from  125  to  133  cycles  per 
second,  and  the  machines  were  often  provided  with  a  com- 
pound winding  supplied  through  a  rectifier.  Practically 
all  the  alternators  in  use  are  wound  to  give  a  constant 
potential.  The  shunt  winding  of  the  ordinary  compound- 
wound  continuous-current  dynamo  is  replaced  by  a  sepa- 
rately excited  winding,  which  is  supplied  from  a  small 
direct-current  exciter.  Again,  the  variety  of  alternators  is 
increased  by  the  various  number  of  phases  that  are  in  com- 
mon use. 

95.  Belt-Driven  Alternators. — Fig.  51  shows  a  typical 
belt-driven  alternator  as  used  for  lighting  work.  This  par- 
ticular machine  is  of  the  Wood  type  made  by  the  Fort 
Wayne  Electric  Works,  and  it  illustrates  the  general  charac- 
teristics of  a  type  of  machine  that  has  been  and  still  is 
largely  used  for  incandescent-lighting  work.  The  Westing- 
house  and  General  Electric  alternators  of  this  class  are  very 
similar  in  general  appearance  to  the  one  shown.  This  is  a 
single-phase  machine  of    150  kilowatts  capacity  delivering 
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current  at  60  cycles  per  second.  The  alternator  is  pro- 
vided with  only  two  collector  rings  r,  r  because  it  gener- 
ates single-phase  current.  Each  ring  is  provided  with  a 
brush  c.  The  rectifier  is  shown  at  ///,  and  by  means  of  it 
the  current  sent  through  the  series  field  winding  is  made 
unidirectional;  ^,  ^  is  a  pair  of  the  rectifier  brushes  and 
there  is  a  similar  pair,  not  shown,  on  the  opf)osite  side  of 
the  rectifier.  One  of  the  leads  connecting  to  the  series  field 
is  shown  at  /,  and  there  is  a  similar  one  on  the  other  side  of 
the  machine.  The  terminals  of  the  armature  winding  lead- 
ing to  the  collector  rings  and  rectifier  are  shown  at  ;/,  ;/. 
The  terminals  of  the  machine  are  /,  /',  and  from  these  the 
main  wires  are  led  to  the  switchboard.  The  two  leads  <?,  o' 
lead  from  the  terminals  of  the  series  coil  to  the  shunt 
used  in  connection  with  the  compound  coils.  This  shunt  is 
housed  in  the  bearing  pedestal.  The  exciter  is  here  shown 
belted  to  a  pulley  on  the  end  of  the  alternator  armature 
shaft.  In  many  cases  the  exciter  is  driven  separately.  The 
binding  posts  /,  /'  are  the  terminals  of  the  separately 
excited  field  coils.  The  whole  machine  is  mounted  on  rails 
so  that  the  tension  on  the  belt  may  be  adjusted.  The  ordi- 
nary incandescent-lighting  alternator  of  the  type  shown  is 
usually  wound  for  either  1,100  volts  or  2,200  volts,  as  these 
pressures  are  high  enough  for  economical  distribution  unless 
the  distances  are  longer  than  are  usually  met  with  in  the 
common  run  of  towns  or  medium-sized  cities. 

00.  Fig.  52  shows  a  General  Electric  alternator  of  the 
revolving-field  belt-driven  type.  This  machine  is  of  300  kilo- 
watts capacity  and  is  wound  to  deliver  three-phase  cur- 
rents at  a  frequency  of  (10  cycles.  The  revolving  field  is 
seen  at  A,  but  a  better  idea  as  to  the  construction  of  the 
machine  will  be  obtained  by  referring  to  Fig.  53.  The 
revolving  field  consists  of  a  steel  ring  />  supported  by  the 
spider  c  c.  The  ring  B  carries  the  laminated  pole  pieces  />, 
which  are  dovetailed  into  the  ring  as  shown  at  c.  In  the 
larger  machines  the  pole  pieces  are  bolted  to  the  ring.  Each 
pole  piece  is  provided  with  a  field  coil  d,  which,  in  the  larger 
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machines,  is  wound  witli  copper  strip  placed  nn  edge.     These 
coils  are  connected  in  series  and  their  terminals  brought  to 


collector  rings  mounted  on  the  shaft.  By  me:ins  of  these 
rings  the  e.xci ting  current  is  let!  int"  the  field.  The  stationary 
armature  windings/, /(in  this  case  shown  for  a  singlo-piiase 
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machine  with  two  slots  to  each  pole)  are  held  in  grooves 
around  the  inner  periphery  of  the  laminated  core  G,  as  shown, 


and  this  core  is  supported  by  the  castinfj  /,,  also  shown  in 
I'"i(i.  S"',  attached  to  the  base  •>f  the  macliine.  The  terminals 
of   the  stationary   winding  are  shown  at  J/,  Fig.   6i.      The 
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whole  armature  structure  is  arranged  so  that  it  may  be 
slid  along  on  the  base  so  as  to  give  access  to  the  field  and 
armature  coils. 

97.  Inductor  Alternator. — Some  makers  have  gone  a 
step  further  and  construct  alternators  without  any  moving 
wire  whatever.  These  machines  are  of  the  inductor  type,  so 
called  because  both  the  armature  and  field-exciting  coils  are 
stationary  and  the  magnetism  passing  through  the  armature 
coils  is  made  to  vary  by  revolving  a  mass  of  iron  called  an 
inductor.  One  of  the  most  widely  used  of  these  types  is  the 
Stanley  machine.  These  are  made  for  several  different 
outputs  and  Fig.  54  represents  one  of  the  larger  sizes.  In 
this  view  the  two  halves  A,  A  of  the  stationary  armature 
are  shown  drawn  back  so  as  to  allow  access  to  the  coils. 
When  the  machine  is  in  operation,  these  halves  are  bolted 
together  by  means  of  bolts  passing  through  the  lugs  tr,  a. 
The  machine  is  double,  there  being  two  laminated  cores  c,  r, 
in  the  slots  of  which  the  coils  d^  e  are  mounted  (see  also 
Fig.  55).  It  will  be  noticed  that  the  coils  marked  d  are 
placed  midway  between  those  marked  c,  one  set  of  coils  over- 
lapping the  latter.  The  result  of  this  arrangement  is  that 
when  half  the  conductors  of  one  set  of  coils  is  directly  under 
the  poles,  the  conductors  of  the  other  set  are  out  from  under 
the  poles;  hence,  when  the  current  in  one  set  is  at  its  maxi- 
mum value,  the  current  in  the  other  set  is  at  its  minimum 
value,  thus  making  this  particular  machine  deliver  two  cur- 
rents that  differ  in  phase  by  9()\  The  machines  can  also  be 
built  to  supply  single-phase  or  three-phase  currents,  if  desired. 
The  revolving  inductor  is  shown  at  /,  Fig.  54,  surrounded 
by  the  magnetizing  coil  M.  All  the  polar  projections  /  on 
one  side  of  the  coil  are  of  the  same  polarity,  and  there  is  a 
similar  set  of  opposite  polarity  on  the  other  side  of  the  coil. 
The  construction  will  be  understood  by  referring  to  Fig.  55, 
which  shows  an  end  view  and  section  of  a  large  Stanley 
machine,  the  different  parts  being  lettered  to  correspond 
with  those  shown  in  Fig.  54.  The  holes/", /  in  the  armature- 
core  stampings  receive  heavy  iron  bars  that  serve  to  hold 


93 


ELECTRIC    LIGHTING. 


5l« 


the  core  together  and  also  to  carry  the  magnetism.  The 
path  of  the  magnetic  flux  is  indicated  by  the  dotted  line 
1-2^3-4,  and  when  the  inductor  revolves,  the  lines  of  force 
sweep  across  the  stationary  coils  and  thus  set  up  the  required 
E.  M.  F.  This  machine  has  the  advantage  of  having  no 
moving  wire  about  it,  but  machines  of  the  revolving-field 
type,  such  as  shown  in  Fig.  62,  have  the  advantage  of  using 


small  field  coils  that  arc  easily  repaired  or  replaced  in  case 
anything  g.«.'s  wrong  with  lln-m.  A  numlier  of  other  types 
of  inductc.r  alu-malur  are  in  use.  The  Westinghouse 
machine  nf  this  tyin;  is  similar  t<'  the  one  just  described  and 
<i[><.Tatcs  nn  the  same  principle,  the  chief  difference  being 
that  there  is  only  one  armature  instead  of  two,  i.  e.,  the 
di  lubk-  construction  shown  in  Fig,  .W  is  n<it  used.  The  same 
is  true  with  regard  to  the  Warren  alternator. 

98.  I>tn>)-i><-oiiiu-ct<tl  Allt'nintnrs Alternators  di- 
rect connected  to  walerwheels  or  steam  engines  are  now 
quite  common  in  connection  with  electric-lighting  work. 
Their  construction  is  essentiallv  the  same  as  that  of  belted 
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machines.  Direct -connected  alternators  run  at  a  lower 
speed  than  the  belt-driven  machines,  hence,  for  a  given  fre- 
quency, they  must  have  a  larger  number  of  poles.  In  order 
to  make  room  for  these,  the  machine  must  be  large  in  diam- 
eter and,  consequently,  correspondingly  narrow  in  the  direc- 
tion   parallel    to  the   shaft.     Fig.   56   shows  an   alternatoi 


designed  for  direct  connection  to  a  waterwht 
1.50  revolutions  per  minute.  This  machine  is  i 
watts  capacity  and  is  a  good  example  of  the  rcvo 
ture  and  stationary -fie  Id  type. 
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99.  General  Remarks. — From  the  foregoing  it  will  be 
seen  that  for  a  given  installation  there  is  a  wide  variety  of 
generating  apparatus  from  which  to  choose.  The  question 
as  to  whether  alternating  or  direct  current  shall  be  used  is, 
in  mr>st  cases,  decided  bv  the  distance  over  which  the 
current  is  to  be  transmitted;  and  the  question  as  to  whether 
direct -connected  or  belted  machines  shall  be  used  depends 
on  the  question  of  first  cost  and  the  space  available. 
Direct-connected  machines  cost  somewhat  more  than  belted 
ones  iii  the  same  output,  but,  as  the  first  cost  and  wear  and 
tear  on  belts  is  done  away  with,  and  as  the  wear  on  the  slow- 
sfx^cd  machine  is  small,  it  may  prove  that  the  more  expensive 
direct-connected  machine  is  the  cheaper  in  the  long  run. 
Again,  in  places  where  space  is  valuable  it  may  be  almost 
abs^>lutely  necessary  to  use  direct-connected  units.  This  is 
very  frequently  the  case  in  city-lighting  plants  and  in  iso- 
lated plants  in  large  buildings.  In  making  the  choice  of  a 
dynamo,  then,  for  any  particular  plant,  it  is  important  that 
the  surrounding  conditions  be  taken  into  careful  considera- 
tion, so  that  the  machine  that  will  do  its  work  most  effi- 
ciently and  with  the  least  expense  for  maintenance  will  be 
s<!lecte(l.  The  tendency  is  strongly  towards  the  use  of  direct 
connectiMl  machines. 
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STATION  APPLIANCES. 

!♦  In  addition  to  the  dynamo,  the  equipment  of  an 
incandescent-lighting  station  comprises  a  number  of  appli- 
ances that  are  necessary  for  the  operation  of  the  station. 
These  instruments  are  intended  for  the  control  or  protection 
of  the  various  machines  and  circuits,  and  they  are  usually 
grouped  together  and  connected  up  on  the  switehboaitl. 
The  arrangement  and  construction  of  the  switchboard  itself 
will  be  taken  up  later;  for  the  present,  we  will  consider 
briefly  some  of  the  more  important  appliances  themselves. 

The  kind  of  instruments  used  in  connection  with  the 
operation  of  the  plant  will  depend,  to  a  great  extent,  on 
whether  direct  or  alternating  current  is  used,  and  on  whether 
this  current  is  supplied  at  high  pressure  or  low  pressure. 
The  appliances  suitable  for  a  110-volt  direct-current  installa- 
tion would  not  be  suitable  for  a  2, 000- volt  alternating-cur- 
rent system.  Among  the  more  important  station  appliances 
to  be  considered  are  the  following:  sici/r/us^  bus-bars^ 
volt  meters  and  ammeters^  fii^t^s^  e  i  re  ii  it -breakers^  rheostats, 
ground  detectors y  and  lightning  arresters. 


SWITCHES  AND  BUS-BARS. 

2.  liOW-Tensloii  Swltclies. — Switches  are  used  to  dis- 
connect a  circuit  or  dynamo  whenever  desired.  If  the  cur- 
rent to  be  handled  is  large,  the  switch  must  be  of  massive 
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construction.  For  ordinary  work,  where  the  pressure  does 
not  exceed  200  or  300  volts,  plain  knife  switches  are  used. 
Fig.  1  shows  a  typical  two-pole  knife  switch.  Most  of  these 
switches  are  mounted  directly  on  the  slate  or  marble  of 
which  the  switchboard  is  constructed,  and  connections  are 
made  to  them  by  means  of  studs  running  through  to  the 
back.  When  the  switch  is  opened,  connection  is  broken 
between  the  clips  1  and,^,  <Jand  4i  thus  opening  both  sides 


iif  the  circuit.  Knife  switches  should  be  substantially  con- 
strurtcd  and  shcmkl  have  a  contact  surface  at  the  clips  of 
al  least  1  square  iucli  for  every  Si)  to  H")  amperes.  The 
bladi-s  sh'.uld  be  made  of  good  conducting  material,  prefer- 
ably of  <lrawn  c.ipper,  and  the  cli])s  should  be  stiff  euough 
to  ^,'ivf  a  goud,  Hrm  couiact.  A  brass  rich  in  copper  is  fre- 
quently used  for  such  switches,  but  if  this  is  done,  the 
switches  should  be  made   to  give  a  larger  contact  surface 
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than  if  pure  copper  blades  were  used.  For  pure  copper, 
the  blades  should  have  a  cross-sect iimal  area  of  about 
1  square  inch  for  every  1,000  amperes  carried.  Fig.  2  shows 
a  front-connected  switch 
provided  with  fuses  y,/', 
and  Fig.  3  shows  a  triple- 
pole  switch  as  mounted 
on  a  switchboard  and 
arranged  for  back  con- 
nection. This  last  style 
is  often  used  where  com-  ( 
pound  dynamos  are  oper- 
ated in  multiple,  the 
middle  blade  making  the 
connection  to  the  equali- 
zing bar.  Triple-pole 
switches  are  also  used  in 
connection  with  three- 
phase  installations.  Knife 
switches  should  always  be  mounted  with  the  handle  uj*.  r,o 
that  the  blades  are  swung  down  in  order  tu  open  the 
switch.  This  is  done  in  accordance  with  a  rule  of  the  Fire 
Underwriters,  which  requires  switches  to  lie  so  placed  that 
when  opened  they  will  not  tend  ti)  fall  closed  of  their  own 
accord,  but  will,  on  the  contrary,  tend  to  remain  open.  All 
switch  bases  should  be  of  incombustible  material,  such  as 
marble,  slate,  or  porcelain. 


;j.     IliKli-TeJislon  Switches,— 

n  connection  with  alternating-cun 
■urc  is  high  and  where  ordinary 
■a|)able  of  breaking  the  arc.      A  great  many  ty 


<uld 


used 

prcs- 

)t    be 

.f  high- 


I  switches  have  been  iiUruduced,  and  their  design 
depends  to  a  large  extent  on  the  vohage  to  be  handled. 
Figs.  4  and  5  show  a  style  of  quick-break  switch  that  has 
proved  very  successful  both  in  lighting  and  street-railway 
work.  It  is  simple  in  construction,  breaks  the  arc  very 
quickly,   and  operates  well  on  circuits  where  the 

/.     III.—S 
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does  not  exceed  about  3jX>0  volts.  The  figures  show  the 
single-pole  type,  but  it  is  made  also  for  two  or  three  poles, 
as  may  be  desired.  Fig.  -4  shows  the  switch  closed  and 
Fig.  5  shows  it  partly  opened.     The  switch  blade,  which  is 


Fig.  4. 


of  drawn  copper,  is  made  in  halves  A,  B,  which  are  con- 
nected by  two  springs  r,  one  on  each  side  of  the  blade. 
When  the  handle  is  pulled  out,  the  half  A  leaves  the  clip  £ 


Fig.  5 


and  thus  stretches  the  spriiii^s.  When  the  bottom  blade 
flies  out,  it  leaves  (lip  /:  very  (juit^kly,  owinti^  to  the  action 
of  the  sprini^s,  thus  drawinu^  out  the  arc  and  breaking  it 
almost  instantaneously.      The    main    switch    on    the    board 
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shown  in  Fig.  60  is  very  similar  in  principle.  When  the 
blade  is  pulled  out,  a  follower  maintains  contact  until  the 
blade  has  been  pulled  back  a  considerable  distance,  when  it 
flies  back  and  thus  breaks  the  arc.  When  knife  switches 
are  used  on  high-tension  boards,  it  is  a  common  practice  to 
separate  the  blades  by  marble  barriers,  as  shown  in  Fig.  fiO, 
in  order  to  prevent  the  arc  jumping  from  one  blade  to  the 
other. 


4.  Fig.  6  shows  the  same  style  switch  as  Fig.  4,  but 
it  is  mounted  so  as  to  be  capable  of  handling  higher  pres- 
sures. The  switch  is  constructed 
so  as  to  give  a  long,  quick  break, 
and  is  mounted  on  insulators  1, 
2,  3,  4-  These  are  made  of  hard 
rubber  or  similar  material  and 
are  grcwved  so  as  to  make  the 
leakage  path  from  the  switch  parts 
to  the  panel  as  long  as  possible. 
This  insulating  material  passes 
through  the  panel,  so  that  in  no 
place  does  the  metal  switch  stud 
come  in  contact  with  the  marble. 
This  is  a  necessary  precaution  in 
cases  where  very  high  pressures 
are  handled,  because  the  marble 
cannot  be  depended  on  to  give 
good  enough  insulation.  The  blades  ^i,  /J  are  arranged  as 
described  in  connection  with  Fig.  4,  except  that  blade  A 
has  a  hole  in  the  end  instead  of  a  handle.  The  switch  is 
pulled  open  by  means  of  a  hook  in  the  end  of  a  handle  about 
;(  feet  long,  thus  allowing  the  attendant  to  stand  back  some 
distance  and  avoid  the  danger  of  his  being  burned  by  the 
arc.  To  avoid  arcing  from  one  switch  to  the  ne.xt,  marble 
barriers  C  are  mounted  at  right  angles  to  the  main  part  of 
the  board.  Bach  switch  is  thus  placi-d  in  a  cell  by  itself, 
and  arcing  across  from  one  switch  to  its  neighbor  cannot 
take  place. 


P:g.  fl. 
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5.     The   Westinghouse   Company   make   use  of   a  hi'^ 
tension  switch  in  which  the  terminals  are  mounted  at  ea< 
end  of   a   porcelain   cylinder.     A  copper    rod  or   plungH 
passes  through  these  contacts  or  bushings  and  completes 
the  circuit.     When  the   plunger   is  withdrawn,  the  arc   is 
formed  in  the  confined  space  between  the  bushings.     A  smiil^ 
outlet  is  provided  in  the  side  of  the  tube,  and  when  the  a 
is  formed,  the  blast  caused  by  the  sudden  expansion  u 


air  ill  the  cimtined  space,  together  with  the  cooling  acti 
of  the  porcelain  walls,  extinguishes  the  arc.  If  thepressi 
to  be  handled  is  very  high,  a  number  of  these  cylinders 
connected  in  series,  thus  producing  a  long  break.  Fig,  7 
and  (^)  shows  a  switch  of  the  plunger  type  that  is  intended 
for  a  two-phase  dynamo  or  circuit.  This  switch  gives  a 
double-pole  double  break  in  each  phase.  The  cylinders  7, 
3,  .?,  etc.  and  plunger.s  /,  S',  S  are  mounted  on  the  back  of 
the  board  and  are  operated  by  a  lever  L  on  the  front.     The 


I 
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switch  must  accommodate  4  dynamo  wires  and  4  line  wires, 
hence  there  are  8  cylinders,  thus  giving  a  double  break  in 
each  line.  The  path  of  the  current  will  be  understood  by 
referring  to  the  arrows.  In  the  figure  the  switch  is  shown 
thrown  out,  but  when  the  plunger  is  in,  bushings  a  and  ^, 
c  and  d  are  connected  together,  and  the  path  of  the  current 
is  a-b-c-d-c  to  line.  When  the  plunger  is  withdrawn  the 
arc  is  broken  between  a  and  h^  c  and  d, 

G.  When  large  currents  at  high  pressures  are  to  be  han- 
dled, the  General  Electric  Company  uses  switches  in  which 
the  arc  is  broken  under  oil.  It  has  been  found  that  a  com- 
paratively short  break  is  sufficient  under  such  circumstances, 
because  as  soon  as  the  arc  is  formed  the  oil  rushes  into  the 
gap  and  extinguishes  it.  Switches  operating  on  this  princi- 
ple are  in  use  in  a  number  of  the  larger  installations.  Most 
of  the  larger  sizes  are  operated  by  air  pressure  or  a  small 
electric  motor,  though  in  some  cases  they  are  arranged  for 
hand  control. 

7.  The  variety  of  switches  made  is  very  large,  and  in 
selecting  them  for  any  special  line  of  work  the  main  points 
to  look  out  for  are,  first,  to  see  that  the  switch  is  capable  of 
carrying  the  current  without  overheating  or  arcing  when 
the  circuit  is  broken;  and,  second,  to  see  that  it  is  substan- 
tially constructed.  Switches  on  lighting  boards  are  open 
and  closed  quite  frequently,  owing  to  changing  over  the  cir- 
cuits and  dynamos.  If  these  switches  are  not  strongly  built, 
they  will  be  continually  working  loose  and  giving  trouble, 
hence  the  importance  of  paying  close  attention  to  the 
mechanical  construction. 

8.  Bus-Bars.  —  On  high-tension,  alternating-current 
switchboards,  the  bus-bars  do  not  need  to  i)e  very  heavy, 
but  on  low-tension  boards,  where  several  hundred  or,  per- 
haps, thousand  amperes  are  handled,  they  must  have  a  large 
cross-section.  Thev  should  have  a  cross-section  of  at  least 
1  s(]uare  inch  per  thousand  amperes  carried  and  should  be 
arranged  so  that  the  heat  generated  in  them  may  i)e  readily 
radiated.      They  should    always   be   substantially  mounted 
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on  the  back  of  ihe  switchiyiard  acd  sfaoald  be  very  carefully 
ins-^Iarci.  This  list  precau;:'>a  is  specially  necessary  in 
plants  w'r.trn:  the  pres*-^re  between  the  bus-bars  is  high. 
The  bars  are  ::s-i:a!lT  ■•!  Sat  rectangular  cross-section,  and  if 
an  •jnu?-ja!;y  l^rgt:  carrying  capacity  is  needed,  a  number  of 
these  bars  are  built  up  tT-gether  with  air  spaces  between 


them  to  allpjw  vent 
V,]t  they  are  n.it  a: 
lir-ir-'-iirrent   biis-!i 


Fig.  * 


Round  bars  are  st>metimes  used, 
'H  as  the  flat  bars.  For  alterna- 
larje  capacity,  cupper  tubes  are 
>'.mftinie>  use.i.  ln-iaust,  when  an  alternating  current  is 
.— r.l  thr'ii:j:h  a  heavy  c  ^n  due  fir.  it  i:s  fi'und  that  the  current 
li'.w- f..r  tr:e  ni'v-i  part  in  the  n-.jtsi.U-  [f-rliiin  of  the  con- 
£-.;£-?--,  (luct.ir.      The  meth-Hl   of   building   up 

bars  out  ■■!  thin  .-itrips,  with  air  spaces 
tietwi-en,  iji!><.-ii  also  for  alternating-cur- 
rent 1"  lards  wiuTe  a  larije  volume  of  cur- 
O  rem  is  t.>  be  hamilcd.  The  bus-bars  are 
usually  connected  to  the  (iynamo  and 
fei'iler  switches,  either  by  means  of  cop- 
jier  strips,  as  sh.nvn  in  Fig.  S,  or  by 
-i'ie.l  with  terniinals,  as  shown  in  Fig.  fl. 
All  til'--.''  ■  onni-eiing  jiieces  sh'nihl  have  a  cross- sect  ion  of 
not  ]^:^s  than  i  square  inch  per  1,01(0  amperes. 


n 


U 
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AMMETERS  AXI>  VOLTMETERS. 

9.  It  is  necessary  to  use  ammeters  in  order  that  the  cur- 
rent supplied  by  any  dynamo  or  feeder  may  be  seen  at  a 
glance.  Voltmeters  must  be  used  in.  order  that  the  pres- 
sure on  the  dynamo  or  feeders  may  be  determined.  It  is 
usually  the  custom  to  equip  each  dynamo  with  an  ammeter, 
or,  in  the  case  of  multiphase  machines,  with  one  or  more 
ammeters.  In  many  cases,  each  feeder  is  also  provided  with 
an  ammeter,  so  that  the  current  supplied  to  any  particular 
part  of  the  system  may  be  determined.  Feeder  ammeters 
are,  however,  not  always  considered  essential,  and,  as  a  rule, 
one  or  two  voltmeters  are  sufficient  for  most  installations. 
It  is  unnecessary  to  go  to  the  expense  of  installing  a  volt- 
meter for  each  machine  or  feeder,  because  a  switch  or  series 
of  plug  connections  can  easily  be  provided,  by  means  of 
which  the  voltmeter  may  be  connected  to  any  dynamo  or 
circuit  in  order  to  obtain  a  reading.  Ammeters  and  volt- 
meters are  generally  very  similar  in  construction,  the  main 
difference  being  that  the  ammeter  is  of  low  resistance  and  is 
connected  in  series  in  the  circuit;  whereas,  the  voltmeter  is 
of  high  resistance  and  is  connected  across  the  circuit. 
Some  kinds  of  meters  will  operate  with  either  direct  or  alter- 
nating current;  others  will  work  on  direct  current  only. 
Most  of  the  instruments  in  use  are  electromagnetic  in 
principle. 

10.  Weston  Ammoters  and  Voltmeters. — The  Weston 
instruments  are  probably  more  widely  used  on  switchboards 
than  any  others  intended  for  direct  current.  Weston  amme- 
ters and  voltmeters  of  the  direct-current  type  should  never  be 
connected  upon  alternating-current  circuits.  A  swinging 
coil  r.  Fig.  10,  is  mounted  so  as  to  swing  between  the  pole 
pieces  A^,  5  of  a  permanent  magnet.  Current  is  led  into 
the  coil  by  means  of  the  spiral  springs  s,  s\  which  also  serve 
to  counterbalance  the  movement  of  the  coil.  When  a  cur- 
rent flows  through  the  coil,  it  reacts  on  the  magnetic  field, 
and  causes  it  to  swing  around  like  the  armature  of  an  elec- 
tric motor.     It  is  evident  that  if  an  alternating  current  were 
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sent  through  the  instrument,  the  coil  would  tend  to  swing  I 
first  in  one  direction  and  then  in  the  other,  so  that  no  defleC- 1 
tion  would  result.     The  switchliniird.  Fig.  &fi,  shows  the  type.'l 


instruments  used    for    switchboard    work.      Thoj 
■  mounted  in   iro; 

and  the  dial  is  nilei 
on  opal  glass,  whid 
is  illuminated 
behind  by  mtfa 
incandescent  lampi 
The  cheaper  style, 
■'  round  type,"  wi 
out  illuminated  diahj^ 
is  shown  by  the  an 
meters  «,  tt.  The  vol 
meters  have  a 
sistance  coil  mountet 
n  the  case  and  < 
necied  in  seriea  witi 
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the  swinging  coil.  In  the  case  of  the  ammeter,  it  is  not 
possible  to  send  all  the  current  through  the  coil,  so  only  a 
small  proportion  of  it  is  used ;  the  remainder  passes  through 
the  ammeter  sliiint.  The  ammeter  shunt  shown  in  Fig.  11 
is  a  very  low  resistance,  which  is  connected  in  series  in 
the  circuit  the  current  in  which  is  to  be  measured.  For 
example,  suppose  the  dynamo  A,  Fig.  12,  supplies  current  to 
the  bus-bars  j9,  C,  and  we  wish  to  connect  an  ammeter  so  as 
to  measure  the  current 
supplied  by  the  dynamo. 
The  ammeter  shunt  5 
would  be  connected  *  in 
series,  as  shown,  and  two 
small  wires  i,  2  taken 
from  the  terminals  of  the 
shunt  to  the  ammeter  M, 

The     result     of     this  F'«-  ^2- 

arrangement  is  that  only  a  small  portion  of  the  current 
passes  through  the  instrument.  But  as  the  resistance  of 
the  shunt  and  ammeter  is  fixed  with  regard  to  each  other, 
it  follows  that  the  current  through  the  ammeter  will  always 
be  a  fixed  proportion  of  that  in  the  main  circuit,  and  the 
scale  may  be  marked  so  as  to  read  the  main  current  and 
not  the  current  actually  flowing  through  the  meter.  The 
use  of  a  shunt  is  of  great  convenience,  because  it  does  away 
with  the  necessity  of  running  heavy  connections  to  the 
meter  itself.  The  shunt  may  be  placed  at  any  convenient 
point,  and  it  is  an  easy  matter  to  run  the  light  flexible  con- 
nections from  it.  It  may  be  well  to  state  here  that  the 
small  connecting  cables  running  from  the  shunt  to  the 
instrument  are  sent  out  with  the  shunt.  They  are  usually 
made  long  enough  to  reach  any  reasonable  distance  on  the 
switchboard.  They  should  on  no  account  be  altered  in 
length;  if  they  are  too  long,  they  shoukl  be  coiled  up  out  of 
the  way;  if  too  short,  another  shunt  with  long  leads  with 
its  corresponding  instrument  should  be  obtained. 

Fig.  11  shows  the  ordinary  type  of  shunt  used.     It  con- 
sists of  the  two  terminals  ^z,  a  connected  together  l)y  the  flat 
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Strips  b,  which  are  made  of  an  alloy  that  has  practically  a 
cijnstant  resistance  regardless  <if  temperature  changes;  c,c_ 
are  the  small  flexible  cables  that  run  to  the  ammeter. 

The  shunts  and  instruments  are  always  numbered  tn  cor- 
res|Kincl,  and  care  should  be  taken  to  see  that  these  numbers 
match  before  connecting  up  the  instruments.     Many  other! 
makes  of  instrument  other  than  the  Weston  are   used    in^J 
connection  with  shunts. 


im 


11.     AItomathiir-<iii-iiiit  AuMnotcrsancl  Voltmetors. 

Most   of   the   switchboard    ammeters   and    voltmeters    for   ' 
alternating  current  consist  of  a  coil  arranged  so  that  the 
magnetic  field  set  up  through  it  will  act  on  a  piece  of  iron, 
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the  movements  of  which  actuate  a  pointer.  Various  modifi- 
cations of  this  coil-and-plunger  type  are  in  common  use. 
Fcir  example,  in  the  earlier  type  of  Wcstinghouse  instru- 
ments. Fig.  13,  a  vertical  coil  A  is  arranged  so  as  to  draw 
an  iron  core  C  into  it.  This  core  is  hung  on  one  end  of  a 
balance  arm  to  which  the  pointer  N  is  attached,  and  a 
counterweight  JV  is  hung  from  the  other  end.  In  the  later 
instruments,  the  current  is  sent  through  a  coil,  and  the 
magnetic  field  produced  deflects  a  small  iron  vane  placed 
within  it.  Fig.  14  illustr.ates  the  principle  of  a  type  of 
instrument  that  has  been  largely  used  by  the  General  Elec- 
tric Company,  both  for  alternating  and  direct  lurrent.  It 
is  known  as  the  Thomson  inclined-coil  pattern.     The  r<jil  r, 


through  which  the  current  flows,  is  mounted  on  an  angle,  as 
shown.  A  vertical  shaft  passes  through  the  coil,  and  on  it 
is  mounted  a  small  iron  vane  t.  This  vane  is  mounted 
at  an  angle  to  the  shaft,  and  when  the  hand  is  at  the  zero 
position,  the  vane  lies  at  an  angle  to  the  lines  of  force  that, 
when  a  current  flows,  thread  through  the  coil  as  shown  I)y 
the  arrows.  As  soon  as  a  field  is  set  up  through  the  coil, 
the  vane  swings  around  so  that  it  tends  to  lie  parallel  to  the 
lines  of  force,  as  indicated  by  the  dotted  lines  !■',  tluis  giving 
a  reading  on  the  scale  5.  The  movement  of  the  needle/  is 
controlled  by  means  of  the  springs  n,  n'.  The  instruments 
shown  on  the  alternating-current  switcJihoard,  Fig.  HI),  are 
of  this  type. 


14 
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on  the  back  of  the 
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\'i.     Potential  Tran^onuers. — It  is  not  usual  to  cod- 

nett  v'.]tineter&  '■i  ibt  '■•rdinary  type  direcUr  acrf-ss  the  line 
a];tmatingH?urTent  Ixiards,  because 
t  pressure  is  sc- great  tiat  a  voltmeter 
w'.uld  have  to  have  an  exceedingly  high 
resistance  to  permit  its  being  so  con- 
Qtcted.  Oi  course,  if  the  pressure  were 
low  they  culd  be  connected  in  the 
ordinarj-  way.  In  case  the  pressure  is 
high,  a  ^mall  potc-ntlal  transformer  is 

used  t'l  stepd'jwn  the  v-Jiage.     Fig  13  shows  a  transformer 

<ii  this  kind.     It  is  general 

switt-hboard;     its    primary 

c'fi!  is  onnccted  \i-  the  line 

and    its  secondary   to    the 

voltmeter,  as  shown  in 

Fijj;.  in.      It  is  bad  practice 

to    run  switchbftard  lamps 

from   the    pfttential    trans- 
former, because,  as  a  rule, 

thi;  transf'irmer    d.«.s    not 

hiiv;  siimcient  capacity  fo- 

this    purpose,  and,   besides. 

it  i^  li;il)l-:  to  interfere  seri 

v..ltiTi(-t.T  readinj;s.      Thi;  vo 
..Itaj.. 


In 


[id  I 


.  ho. 

■ollafir. 


■uracy  of  the 
;  usually  gradnated 
what  is  generally 
VL-r,  they  are  graduated  so  as 


Alternating-current  am- 

nected    directly    in   circuit. 

Shunts  cannot,  as  a  rule, 

be  used  with  alternating- 

irrcnt     ammeters,     be- 

.use,    on  account  of   the 

If-induction   of    the  coil 

the  instrument,  the  cur- 

tlenerally,  the  current 
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to  be  handled  on  an  alternating-current  board  is  compara- 
tively small,  because  the  pressures  used  are  high  and  there 
is  no  great  difficulty  in  running  the  main  wire  directly 
through  the  instrument,  as 
shown  in  Fig.  17.  If,  how- 
ever, the  current  is  large, 
or,  what  is  often  the  case, 
if    the    generator    pressure    ^^^^^  current 


is     so      high     that     it     is     not     \J)  Transformer 

desirable  to  have  the  main 
wires  in   contact  with   the  ^^^'  ^^' 

instrument  in  any  way,  a  current  trjiusforiner  is  inserted 
in  the  circuit,  as  shown  in  Fig.  18.  This  is  a  small  trans- 
former, of  which  the  primary  coil  /^consists  of  a  few  turns 
of  heavy  conductor  sufficiently  large  to  carry  the  whole  cur- 
rent. In  some  cases,  where  the  current  is  very  large,  there 
may  be  only  a  fraction  of  a  turn.  The  secondary  .V  is  of  small 
wire  and  consists  of  a  comparatively  large  number  of  turns. 
The  secondary  is  connected  to  the  ammeter,  and  as  the 
current  increases  in  the  primary,  it  causes  a  proportional 
increase  in  the  current  through  the  ammeter.  The  ammeter 
may  thus  be  calibrated  so  as  to  indicate  the  main  current, 
though  the  main  current  does  not  actually  pass  through  it, 
and  it  is  at  the  same  time  entirely  disconnected  from  the 
high-pressure  dynamo  leads. 

14.  Electrostatic  Voltnictci*s. — There  is  one  kind  of 
voltmeter  that  is  sometimes  used,  especially  for  high-pres- 
sure; alternating-current  work,  that  differs  considerably  from 
the  instruments  so  far  described,  both  as  to  its  construction 
and  principle  of  operation.  This  is  the  electrostatic  voU- 
metcr.  It  depends  for  its  action  on  the  principle  that  two 
bodies  carrying  similar  static  charges  repel  each  other  and 
those  carrying  unlike  charges  attract  each  other.  Fig.  \\\ 
shows  the  construction  of  the  Stanley  electrostatic  volt- 
meter. /:?,  B  and  C^  C  are  fixed  plates  mounted  on  a  hard- 
rubber  base.  These  plates  are  covered  with  a  har(l-rubi)er 
covering  H  to  prevent  the  charge  from  leaking  oft',  also  to 
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obviate  any  danger  of  short-circuiting  between  the  vanes. 
/I  is  a  movable  aluminum  vane,  to  whicii  is  attached  the 
pointer,  the  movement  of  which  is  counterbalanced  by  the 


The   fixurl  plates  />',  /■'  and  the  movable 

ciirun'clcd  ti'j,'c-th<.T  and  fi>rm  oik  pule  of  the 

Tint  lixcd  j)laU-s(",  (arc  roiuiciied  together 

i;  oilier  pole.      When  the  voltmeter  is  connected 
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to  the  circuit,  B  and  A  being  charged  alike  will  repel  each 
other,  while  at  the  same  time  C  and  A  will  attract  each 
other,  with  the  result  that  the  vane  is  deflected  an  amount 
depending  on  the  pressure  of  the  circuit.  Two  plug  recep- 
tacles T,  7"  are  provided  on  the  instrument,  in  addition  to 
the  regular  terminals,  so  that  it  may  be  compared  at  any 
time  with  a  standard  instrument.  The  movement  of  the 
needle  is  damped  or  steadied  by  the  vanes  F  moving  in  the 
partially  closed  boxes  D. 

Other  types  of  electrostatic  instruments  are  made,  but 
they  all  work  on  about  the  same  principle.  They  do  not, 
of  course,  require  any  current  for  their  operation  and  can 
be  connected  across  high-pressure  lines  without  the  inter- 
vention of  a  potential  transformer. 

15.     Voltmeter  Swltclie»(   and    Connect  Ions. — It    has 

already  been  stated  that  it  is  customary  to  make  one  vi>It- 
meter  answer  for  several  dynamos  or  circuits  by  using  a 


voltmeter  switch  or  plug,  Fi^.  :;il  shows  unt-  of  the  simplest 
fnrms  of  switch  used  for  this  purpose.  This  is  suitable  fur 
two  dynamos,  and  its  method  of  i.pcratiun  is  obvious  from  the 
figure.     The  voltmeter  is  connected  to  terminals  1  and  ~, 
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station;  i.  e.,  the  voltmeter  should  give  indications  of  the 
pressure  delivered,  and  the  pressure  at  the  generator  will 
be  greater  than  this  by  the  amount  of  the  drop  in  the  line. 
In  order  to  indicate  the  pressure  delivered,  it  has  been  cus- 
tomary in  some  cases  to  run  pressure  wires  back  to  the 
station  from  the  distributing  center,  as  shown  in  Fig.  23. 
The  wires  a,  b  run  back  from  the  distributing  center  e  and 
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Ce/tter 


Fig.  28. 

connect  to  the  voltmeter  F,  either  directly  or  through  a 
jx)tential  transformer,  as  the  case  may  be.  The  current 
required  to  operate  the  voltmeter  is  so  small  that  there  is 
practically  no  drop  in  the  pressure  wires.  The  pressure 
wires  are  of  small  cross-section,  usually  No.  K  or  10  when 
strung  on  poles.  Insulated  iron  wire  is  often  used  for  this 
purpose,  as  the  current  to  be  carried  is  very  small. 

!?•  Comi>onsatlnft:  Voltmeter. — In  order  to  avoid  the 
necessity  of  running  pressure  wires  back  to  the  station, 
eoiupensatin^  voltnietei-s  or  eoinpoiisjitors  are  some- 
times used  in  connection  with  alternating  plants.  The 
compensator  is  a  device  used  in  (V)nnertion  with  the  volt- 
meter to  decrease  the  voltmeter  readin.i^  by  an  amount 
proportional  to  the  drop  in  the  line  as  the  load  increases. 
The  attendant  then  increases  the  tield  excitation  of  the 
alternator  and  thus  brings  the  pressure  up  to  such  an 
amount  that  the  voltage  at  the  distributing  point  is  cor- 
rect. Fig.  24  shows  the  general  appearance  of  the  West- 
inghouse  compensator,  and  Fig.  25  shows  how  it  is  used 
in  connection  with  the  voltmeter.     It  consists  of  a  small 
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transformer,  the  primary  of  which  is  divided  into  a  numlMir 
of  sections  with  leads  brought  out  to  mrminal  blocks  A',  S,  T, 
etc..  Fig,  24.  The  secondary  is  also  divided  into  a  number 
of  sections  with  terminals  brought  to  the  contact  points 
1,  2,  3,  etc.  The  voltmeter  is  of  the  ordinary  coil-and- 
plunger  type  with  a  small  auxiliary  coil  c.  Fig,  25,  wound 
over  the  main  coil  li.  The  main  coil  is  supplied  with  current 
from  the  potential  transformer  7"  in  the  ordinary  way.  The 
primary  "f  ■' -.,,...,;..,..,  ;,■  ,..,.,.-,.,-.,.,1  ;„  series  with  tha^a 
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main  circuit,  as  shown,  and  the  secondary  is  connected  | 
the  small  auxiliary  coil.     When  the  voltage  at  the  dtstribd 
ting  end  of  the  line  is  at  its  correct  value,  the  hand  of  t 
voltmeter  is  at  its  mid-posilion.     When  the  load  in 
the  current  through   the  primary  of  the  compensator  a 
increases;  this,  in  turn,  increases  the  current  in  the 
ary,  which   is  so  connected  to  the  ausiliary  coil  that  1 
current   in   this  coil  opposes  that   in  the  main  coil,     TbJ 
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result  is  that  the  hand  on  the  voltmeter  goes  Dack,  and  the 
pressure  must  be  raised  to  bring  it  up  to  its  proper  value. 
By  plugging  in  at  different  points  on  the  primary  and  by 
setting  at  different  points  on  the  secondary,  the  compensator 
may  be  adjusted  for  operation  on  almost  any  of  the  circuits 
ordinarily  met.     After  it  is  once  set  to  suit  the  particular 


Fig. 


'i5. 


line  on  which  it  is  to  work,  it  requires  no  further  attention. 
Tables  are  furnished  with  the  instrument  showing  how  to 
set  it,  and  care  must  be  taken  in  setting  to  insert  the  extra 
plug  g^  Fig.  24,  before  withdrawing  the  plug  Ji  already  in 
use,  otherwise  the  circuit  will  be  opened. 

18.  The  Mei-shoii  Coiiipensator. — The  compensator 
described  in  the  last  article  answers  very  well  for  lines  that 
have  little  self-induction  and  that  supply  a  lamp  load. 
Where,  however,  the  load  is  inductive,  as,  for  example,  a  load 
of  motors  or  a  load  of  motors  and  lami)s,  the  reactance  of 
the  line  may  have  a  very  great  influence  on  the  drop  in 
voltage,  and  if  a  compensator  is  to  make  the  voltmeter  give 
indications  that  are  at  all  accurate,  it  must  compensate  not 
only  for  the  ohmic  drop  in  the  line,  but  also  for  the  drop 
due  to  the  reactance.     The  Mershon  compensator,  brought 
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out  by  the  Westinghouse  Company,  is  designed  to  accom- 
plish this. 

19.    The  principle  on  which  this  compensator  operates  is 
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brielly  as  follows:     The  E.  M.  F.  supplied  at  the  end  c)f  the 
line  is  always  equal  to  the  resultant  difference  between  the 
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E.  M.  F.  generated  and  the  E.  M.  F.'s  necessary  to  overcome 
the  resistance  and  reactance.  If,  then,  three  E.  M.  F.  's  are 
set  up  at  the  station  that  are  proportional  to  the  above  three 
E.  M.  F.'s  and  bear  the  same  phase  relation  with  regard  to 
one  another,  and  if  these  E.  M.  F.'s  are  combined  in  the  same 
way  as  the  line  E.  M.  F.'s,  it  is  evident  that  their  resultant 
will  make  the  voltmeter  indicate  the  E.  M.  F.  at  the  end  of 
the  line.  For  example,  take  the  simple  case  shown  in 
Fig.  2(»  (a).  A  is  an  alternator  supplying  current  to  the 
line.  T'  is  an  ordinary  p)Otential  transformer,  the  secondary 
of  which  gives  a  voltage  that  is  proportional  to  the  gener- 
ator voltage  and  in  step  with  it.  If  the  voltmeter  F  were 
connected  directly  to  T\  it  would  evidently  indicate  the 
station  voltage,  but  what  is  wanted  is  an  indication  of  the 
voltage  at  the  far  end  of  the  line,  and  in  order  to  get  this, 
the  voltage  of  T'  must  be  reduced  by  an  amount  equal  to 
the  sum  of  the  drops  caused  by  the  reactance  and  resistance. 
In  order  to  do  this,  an  adjustable  reactance  a  and  an  adjust- 
able resistance  b  are  inserted  in  the  circuit.  The  drop 
through  b  will  be  proportional  to  and  in  step  with  the  line 
resistance,  and  the  voltage  across  a  will  be  proportional  to 
and  in  phase  with  the  inductive  drop.  From  the  way  in 
which  the  connections  are  made,  it  is  easily  seen  that  the 
voltage  acting  on  F"  is  a  combination  of  the  voltages  of  T\ 
a^  and  b.  The  drop  across  a  and  b  will  increase  as  the  cur- 
rent in  the  line  increases,  hence  the  voltmeter  reading  will 
decrease  (because  the  connections  are  made,  so  that  the 
pressures  across  a  and  b  cut  down  the  E.  M.  F.  applied  to  / '). 
The  voltmeter  will,  therefore,  indicate  the  true  pressure  at 
the  end  of  the  line  because  both  the  ohmic  and  inductive 
drops  are  accounted  for. 

Fig.  26  {(i)  is  intended  to  illustrate  the  principle  only, 
the  actual  connections  are  more  nearly  as  indicated  in 
Fig.  26  (b).  Here  A  is  the  alternator,  as  before,  and  T' 
the  ordinary  potential  transformer.  T  is  a  small  current 
transformer,  the  primary  of  which  is  connected  in  series 
with  the  line  and  the  secondary  to  the  compensator  proper, 
which  consists  of  three  parts,  a,  /;,  and  1).     The  E.  M.  F. 
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generated  in  the  secondary  of  7"'  is  proportional  to  and  in 
step  with  the  generator  E.  M.  F.  The  current  in  the 
secondary  of  T  is  proportional  to  the  load ;  «  is  a  non-induc- 
tive resistance  and  ^  is  a  reactance  coil  wound  on  an  iron 
core.  These  coils  are  connected  in  series,  and  the  current 
supplied  from  the  secondary  of  T  passes  through  them. 
The  E.  M.  F.  across  a  is,  therefore,  in  step  with  and  pro- 
portional to  the  resistance  drop  in  the  line ;  while  that  across 
b  is  in  step  with  and  proportional  to  the  back  E.  M.  F.  due  to 
the  reactance  of  the  line.  Z^  is  a  small  transformer  in  shunt 
with  a\  its  secondary  E.  M.  F.  is  in  step  with  and  propor- 
tional to  the  E.  M.  F.  across  a\  ^  is  also  provided  with  a 
secondary  that  gives  an  E.  M.  F.  in  step  with  and  propor- 
tional to  the  E.  M.  F.  across  b,  '  All  these  devices,  i.  e.,  <?,  by 
and  />,  are  in  one  piece  of  apparatus,  and  terminals  from 
the  secondaries  of  I)  and  b  are  brought  out  to  two  multi- 
point switches,  so  that  the  number  of  turns  in  each  may  be 
adjusted  to  suit  different  lines.  The  voltmeter  F' indicates 
the  resultant  voltage,  as  already  explained.  For  three- 
phase  circuits,  a  and  b  are  supplied  from  two  series  trans- 
formers whose  primaries  are  connected  in  series  with  two  of 
the  lines  and  whose  secondaries  are  in  parallel,  so  that  the 
current  supplied  to  a  and  b  is  a  combination  of  the  two. 
Complete  instructions  for  adjusting  the  compensator  are 
furnished  by  the  makers. 


FUSES  AXI)   CIRC  riT-BUEAKERS. 

20.  Fuses  and  cirenlt-breakei's  arc  used  on  the  switch- 
board to  prevent  injury  to  the  machines  from  short  circuits 
or  overloads.  It  must  be  remembered  that  the  dynamos 
used  for  incandescent  lighting  or  power-distribution  work 
maintain  a  constant  pressure.  Hence,  if  the  outside  resist- 
ance be  reduced  to  a  very  low  value,  as  it  would  be  in  case 
of  a  short  circuit,  a  large  rush  of  current  would  be  the 
result.  Short  circuits  may  thus  cause  considerable  damage 
unless  the  circuit  is  promptly  opened. 
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21  •  Fuses. — A  fuse  consists  of  a  piece  of  wire  or  strip 
made  of  a  fusible  alloy ;  usually  a  mixture  of  lead  and  bis- 
muth, though  very  often  fuses  are  made  of  copper  or 
aluminum.  This  fuse  is  inserted  in  the  circuit  at  some  con- 
venient point  on  the  switchboard,  and  is  made  of  such  size 
that  it  will  melt  and  break  the  circuit  whenever  the  current 
exceeds  the  allowable  amount.  The  switch,  Fig.  2,  is  pro- 
vided with  ordinary  link  fuses,  shown  at/,  /'. 

For  low-tension  work,  plain  open  fuses  are  commonly 
used;  but  for  high-tension  work,  it  is  necessary  to  have 
them  arranged  so  that  the  arc  formed  when  they  blow  will 
not  hold  over  and  destroy  the  terminals  and  fuse  holder. 
Moreover,  it  is  necessary  to  have  high-tension  fuses  arranged 
so  that  they  can  be  renewed  without  danger  to  the  switch- 
board attendant.  In  order  to  prevent  arcing,  the  fuses 
are  enclosed;  and  to  do  away  with  danger,  they  are  made  so 
that  the  holder  may  be  entirely  removed  from  the  board 
when  the  fuse  is  to  be  renewed. 

33.  Fig.  27  {a)  shows  a  type  of  fuse  block  used  by  the 
General  Electric  Company  on  alternating-current  switch- 
boards; {d)  shows  the  shape  of  the  aluminum  fuse  used  in 
the  block.  The  fuse  holder  is  made  in  two  parts,  the  lower 
part  A  being  of  porcelain  and  the  upper  part  J>  of  lignum 
vitre.  The  lower  part  is  provided  with  blades  c  that  fit 
between  the  clips  ^,  {i\  Fig.  27  {n)^  in  the  same  way  as  the 
blades  of  a  knife  switch.  These  clips  lie  in  slots  in  the  mar- 
ble board /^  and  are  connected  to  the  line  and  dynamo  by 
means  of  terminals  ^''  and  //.  By  adopting  this  arrangement, 
the  whole  block  may  be  detached  from  the  board  by  simply 
pulling  it  straight  out,  thus  pulling  the  blades  out  of  the 
clips.  Extra  blocks  may  be  kept  on  hand,  ready  fused,  and 
one  of  these  put  in  place  of  the  blown  fuse  with  very  little 
delay  or  danger  to  the  attendant.  The  fuse  is  shown  at  /, 
and  is  clamped  by  means  of  the  screws  ;;/,  ;/.  A  vent  hole  / 
is  provided  in  the  lignum- vitjc  cover  and  the  rush  of  air 
through  this  vent,  together  with  the  confined  space,  results 
in   the    suppression    of    the    arc.       When    fuses    are    being 
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replaced,  care  should  be  taken  to  see  that  the  switch  con- 
necting the  fuse  block  with  the  dynamo  is  open.  This  fuse  - 
block  is  suitable  for  currents  up  to  150  amperes  at  2,500  volts, 
and  is  the  type  of  fuse  shown  on  the  switchboard  in  Pig.  CO. 
For  higher  pressures  fuse  blocks  are  used  in  which  the  fuse 
is  pulled  wide  apart  as  soon  as  it  blows,  thus  breaking  the 
arc. 

The  use  of  fuses  on  low-tension  lighting  switchboards  is 
not  as  common  as  it  once  was,  their  place  being  taken  by 
the  automatic  circuit-breaker.      Puses  are,   however,   used 


l;ir;;i>ly  fur  alttTnatinn-rnrrtni  liuariis  and  also  for  protect ■ 
inn  individual  oirciiiis  .m  low-ti^nsion,  direct-current  boards. 
Thoy  are  not  as  cnnvi-nii-nt  or  roliaMc  as  circuit-breakers, 
bocaiisu  it  takes  time  U>  replace  them  when  they  blow,  and 
only  ti>o  often  they  are  rejilaced  by  a  heavier  fuse  or  even  a 
copper  wire,  which  is  uf  scarcely  any  use  as  a  protection. 
Afjain,  fuses  <if  the  same  sine  dc.  nut  always  blow  at  the 
same  current,  as  mnih  depends  im  the  nature  of  the  fuse- 
block  terminals.     If  the  clam|.s  are  nut  screwed  up  tightly, 
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I'jcal  h«ating  will  rc-sult,  and  the  fuse  will  blnw  with  a 
smaller  current  than  it  should.  Also,  it  has  been  found 
that  a  fuse  of  a  given  cross-section  and  material  will  carry  a 
heavier  current  when  the  distance  between  the  terminals  is 
short  than  when  it  is  long,  on  account  of  the  conducting 
away  of  the  heat  by  the  terminals. 

23.  Clrenlt-BrtMikers,  —  The  circuit -breaker  is  essen- 
tially an  automatic  switch  that  opens  the  circuit  whenever 
the  current  becomes  loo  large.     The  currcnl  is  usually  sent 


Jirougb  an  electromagnet  <ir  solenoid,  which  operates  a  trip 
and  releases  the  switch  when  the  current  exceeds  I  he  amount 
it*    which   the   breaker   is   set.      Fig,   'iS   shows   a   typical 
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swtf  TK6C1XC  The  cturent  enters 
C  .■ ;:  5C3d  4,  ifaence  to  stud  d'  and 
d^'  i.  AlTviss  through  the  cross- 
^.crsKTsn^  piece  y  to  a  similar 
T±:-  3:c  s*-:'*!!  in  the  figure.  The 
ir=  drryiag  the  crosspiece  y  is 
'•Xit  i=  ^laiast  the  action  of  the 
i?:c™^  i-  by  means  of  the  catch  /. 
Wbtr:  :be  cnrrent  reaches  the 
ira;::^:  f-:.r  which  the  breaker  is 
ji-i;;;s:«,  ihe  pluoger  m  is  drawn 
^ir-.  hiniiig  the  tcA  m  a  blow  and 
r*>aid-g  the  catch.  This  allows 
;he  arm  t->  fly  ont.  thus  breaking 
U»  c:r>.-a:t  hy  pushing  the  blades 
ai  each  er.d  of  j  out  of  clips  A. 
F:^.  ii*  shows  a  front  riew  of  the 
>aiae  style  of  breaker.  The  arc 
is  n-.^i  bi\*ken  at  the  copper  con- 
are  prv^-ided  with  auxiliary'  carbon 
;-.  :-  c  r.tac:  shortly  after  the  blades 
:!::  >.  \\"ha:ever  burning  action  is  due 
:  !,-.kv  r.  the  carS-n  pieces,  which  are 
iv  .-.rrr-.r.t  at  whiih  the  breaker  trips 
'■.'•■.■.~\-.::^  ;r.t.-  :<■■::;::!.  n  •■!  the  plunger  in 
:'  r  which  ::  is  si-r  beinj;  indicated  by 
The  swi:ch'.->ari!.  Fig.  .iil,  is  equipped 
i'.r  f'.r  each  ilynani"  and  each  feetler. 
::  F:;;.  .''-■  is  equipiH-d  with  a  circuit- 
■i!;im->.  the  indiviiiua!  lighting  circuits 
th  fuses  'ml v.  The  circuit-breakers 
:  h'>;inls  are  <•{  the  'Westinghouse  type 
in  design  t"  the  one  already  described. 


:iii  (■!}  and  (/')  shows  another  type  of  circuit- 
ii  li  is  dcsi'jncd  l<ir  use  ..n  It*.")-  l.>  -.J-iO-volt  direct- 

nils.  On,:  nf  the  principal  features  of  this 
le  slyl<;  nf  main  contact  used.      It  consists  of  a 
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U-shapecI  bnish  n  made  of  a  large  number  of  thin  copper 
leaves,  and  when  the  breaker  is  closed  this  brush  is  pressed 
firmly   against    the   contacts   by   means   of    a   tngglejoint. 


Fig.  31  shows  how  the  laminated  contact  completes  the  cir- 
cuit, and  the  method  of  mounting  the  lever  will  be  seen  by 
referring  to  Fig.  30,  in  which  a,  a  are  the  main  laminated 
contacts  and  A,  li  the  terminals  against  which  they  arc 
pressed  when  the  handle  h  is  forced  in.     Each  main  contact 


jf±I 


is  provided  with  a  pair  of  light  auxiliary  contacts  m,  m  that 
ran  be  easily  renewed.  These  wipers  press  against  the 
carbon  blocks  y>,  /.  and  when  the  breaker  flies  out  the  arc  is 
broken  between  the  carbon  blocks  and  the  wii^ers,  because 
these  do  not  break  connection  until  after  the  main  contact. 


30 
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By  using  the  tngglejoint  to  furce  thv  main  contact  into  plac« 
and  to  close  the  breaker,  a  comparativelr  light  pressure  on 
the  handle  is  sufficient  to  force  the  contacts  firmlf  together, 
a  feature  that  makes  the  breaker  easy  to  set.  Another 
advantage  of  this  style  of  contact  is  that  it  is  not  likely  to 
stick.  The  tripping  coil  is  shown  at  -S",  and  when  the  current 
'  armature  A  is  attracted  and  trips 
the  breaker,  which  is 
promptly  ti[)ened  by  the 
spring  /.  The  current 
for  which  the  breaker  is 
set  may  be  adjusted 
by  means  of  the  screw  r 
and  the  breaker  may  be 
tripped  by  hand  at  any 
lime  by  pulling  down 
'in  the  knob  7V.  The 
breaker  shown  is  a  daiF 
blc-jjole,  but  each  sidl 
uf  the  circuit 
pendent  of  the  uthel 
For  example, 
should  happen  to  be 
short  circuit  on  the  Urn 
one  side  may  be  clos 
and  then  the  other, 
the  short  circuit  w« 
still  present,  the  first  si 
would  fly  out  as  soon  I 
the  second  was  closed,  thus  protecting  the  dynamo: 
apparatus.  The  alxive  type  of  circuit-breaker  is  also  i 
single-pole,  as  in  Fig.  33, 


KltKOfrATS. 

'ili.     Every  direct -current   dynamo   should    be   equipp< 
with  a    rheiwtat   in    its  shunl    field,   so  that   the    ntnerator 
voltage  may  be  adjusted.     Alternators  are  usually  provided 
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with  a  rheostat  in  series  with  their  separately  excited  field, 
as  well  as  with  one  in  the  shunt  field  of  the  exciter.  In 
some  cases,  the  latter  alone  is  used,  although  it  is  desirable 
tr:  have  a  rheostat  in  the  alternator  field,  and  it  is  almost 
absolutely  necessary  if  the  plant  is  arranged  so  that  one 
exciter  may  supply  the  fields  of  several  machines,  as  is 
frequently  done  in  large  plants.  The  method  of  connecting 
rheostats  will  be  shown  later,  when  the  subject  of  switch- 
board connections  is  taken  up. 

26.  The  rheostat  usually  consists  of  a  number  of  coils 
made  up  of  iron,  German-silver,  or  other  wire  having  a  high 
resistance.  These  coils  may  be  mounted  in  a  variety  of 
ways.  Sometimes  they  are  wound  in  spiral  form  and 
mounted  in  a  cast-iron  box.  In  other  cases,  they  are 
mounted  on  an  iron  plate  and  bedded  in  enamel.  Whatever 
method  is  used,  the  mounting  should  be  perfectly  fireproof 
and  at  the  same  time  allow  the  coils  to  radiate  the  heat 
readily.  The  resistance  is  divided  into  a  large  number  of 
sections,  so  that  the  current  in  the  shunt  field  may  be  varied 
by  small  amounts,  thus  giving  a  correspondingly  fine 
adjustment  of  E.  M.  F.  It  may  be  mentioned,  in  passing, 
that  the  field  rheostat  used  in  connection  with  a  ( ()m])oun(l- 
wound  machine  is  not  ustially  varied  to  any  great  extent 
after  the  machine  has  settled  down  to  its  normal  o])eration. 
When  the  dynamo  is  first  started  up,  its  fields  are  cold,  but 
after  it  has  been  running  a  while,  they  warm  up  and  their 
resistance  increases  so  that  it  is  necessary  to  cut  out  some 
of  the  rheostat  in  order  to  keep  up  the  voltage.  However, 
after  the  fields  have  reached  their  normal  tem])erature,  the 
compound  coils  will  generally  take  care  of  the  voltage,  and 
very  little  further  adjustment  of  the  field  rheostat  is  neces- 
sary. Field  rheostats  are  made  in  many  different  styles, 
and  a  great  many  different  schemes  have  been  adoi)ted  for 
making  up  and  mounting  the  resistance. 

Fig.  33  shows  the  appearance  of  a  typical  field  rheostat 
mounted  in  an  iron  box  and  arrangt-d  for  attac^iintnt  to  the 
front  of  the  switchboard.      The  resistance  is  here   divided 


boards^  tlic  rheostat  e  maumtd  oa  ifae  bacfc  of  the  panel, 
aod  an  that  apfcarsoo  tbcfnoot 
is  tbc  hand-wbecl  mxajsary  for 
oftcTBting  it. 

Pig.  U  shows  a  rheostat  ar- 
ranged in  this  way.  The  ooe 
fthovn  is  of  the  enamel  tjpe, 
in  which  the  wire  is  ma<le  np  j 
into  flat  zigzag  coils  and  embed- 
ded in  enamel  on  the  back  oi 
a  riblied  iron  plate.  This  holds 
the  wire  securely  in  place  and 
at  tbc  same  time  allows  it  to 
ini|iari  the  heat  generated  to  the 
ril>t>cd  ir<;n  plate,  which  radiates 
it.  The  figure  shows  the  oper- 
alinK  whci;!   //  that  moves  the  ?'«  »«. 

arm  it  over  the  contacts  B  -.  /,  t'  are  the  termiitali 
rtlciHital,  anil  the  whole  is  bolted  to  the  panel  by  t 
bolt*  e. 
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GROliyi>  DETECTORS. 


37.  It  is  necessary  to  have  some  device  by  means  of 
which  grounds  on  the  system  may  be  detected.  A  volt- 
meter makes  a  very  good  ground  detector,  because  it  not 
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only  indicates  whether  a  p^round  is  present,  but  by  its 
deflection  it  shows  whether  the  path  of  the  current  to 
ground  is  one  of  high  resistance  or  low  resistance. 
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lo  order  tr>  mdiratc  gTmD<b<  tbe  vtihrnctcr  may  be  con- 
nected as  shown  in  Pig.  35  («t:  d  and  ^  are  the  mains 
connected  tn  a  tw>point  Fw:tch:  .-.  the  blade,  is  con- 
nected tfaron^h  the  vi.Mmr'.rT  ['  i<>  the  gniund.  If  the 
line  a  should  become  gnxoided,  as  mdicated  by  the 
dotted  line,  and  the  .switdi  Made  placed  on  point  1,  no 
deflection  would  result.  If,  howerer.  the  blade  is  moved 
to  pinnt  X,  cturent  win  pass  faiHn  line  a  throo^  the  ground 
on  the  line  to  the  Ttdtmeter  to  potot  2,  and  thence  to  the 
line  J,  thus  completing  the  circuit.  When  a  deflection  is 
obtained  on  point  X,  it  shows  that  line  «  is  grounded; 
and  when  obtained  on  point  1,  it  shows  that  line  S  is 
grounded.  If  the  ground  is  of  h^h  resistance,  the  deflec- 
tion will  be  comparatively  smaU  ;  if  of  low  resistance, 
the  deflection  will  be  large.  Many  direct-current  voltme- 
ters, for  example,  tbe  Weston,  require  that  the  current  shall 
flow  in  them  always  in  the  same  direction,  in  order  that 
they  may  give  a  deflection  over  the  scale.  In  Fig.  35  {a), 
it  is  easily  seen  that  tbe  current  will  flow  throi^h  tbe 
voltmeter  in  the  opposite  direction  on  point  B  from  what 
it  will  on  point  /,  hence  the  voltmeter  must  have  its  zero 
point  in  the  center  of  the  scale,  so  that  it  can  read 
cither  way. 

Most  vi)ltmeterB  have  their  zeni  point  at  the  left-hand 
end  of  the  scale,  and  it  is  often  convenient  to  have  a  switch 
that  will  allow  ihc  ordinary  voltmeter  to  be  used  either  as 
a  voltmeter  or  ground  detector.  Fig.  35  {i)  shows  an 
arrangement  for  doing  this.  The  switch  5  is  similar  in  con- 
struction to  that  shown  in  Fig.  20,  but  the  connections  are 
arranged  so  that  when  the  switch  is  in  the  position  1-1',  the 
voliineter  K  is  connected  directly  across  the  line  and  gives 
thi-  voltage  on  the  system.  When  the  switch  is  in  the  posi- 
tion .I—I',  the  voltmeter  indicates  any  grounds,  such  as  G', 
that  may  be  present  on  line  f).  When  5  occupies  the 
position  ~'-/,  V  indicates  grounds  on  line  a,  as  at  G'.  By 
lra<-ing  out  the  path  of  the  current  in  each  case,  the  student 
will  HV.V.  that  the  current  always  flows  through  the  voltmeter 
in  tile  Haine  direction, 
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28.  Another  very  common  arrangement  for  detecting 
grounds  is  shown  in  Fig.  36.  Here  two  lamps  r,  d  are  con- 
nected in  series  across  the 
lines.  The  voltage  at 
which  these  lamps  are 
designed  to  run  is  equal 
to  that  of  the  dynamo,  so 
that  when  the  two  are 
connected  in  series,  they  ^' 

will  burn  dull  red.  At 
the  point  between  the 
lamps,  a  connection  is 
made  to  ground  through  a  switch  or  a  push  button  f.  If  con- 
tact is  made  at  y  and  if  there  is  no  ground  on  either  line,  the 
brilliancy  of  either  lamp  will  not  be  altered.  Suppose,  how- 
ever, that  there  is  a  ground  on  h^  as  indicated  at  C .  Now 
when  the  key  is  pressed,  hardly  any  current  will  flow  through 
lamp  d^  because  the  current  will  flow  through  c  and  f  to 
the  ground  and  thence  to  line  h.  In  other  words,  lamp  d 
will  be  shunted  by  the  ground  and  it  will  go  out.  On  the 
other  hand,  the  cutting  out  of  the  high  resistance  of  lamp  d 
in  series  with  c  results  in  c  burning  brighter.  The  lamp 
that  is  connected  to  the  side  of  tlie  circuit  on  which  the 
ground  exists  goes  out  or  becomes  dimmer,  while  the  lamp 
on  the  other  side  brightens  up  correspondingly.  This  lamp 
detector  is  simple,  and  while  it  serves  as  an  indicator  of 
grounds,  it  is  hardly  as  satisfactory  as  the  voltmeter  detector, 
as  it  does  not  give  as  accurate  indications  as  to  the  resistance 
of  the  fault. 


29.  Fig.  37  shows  a  ground  detector  that  is  suitable  for 
a  three-wire  low- tension  system.  Three  lamps  /,,  /,^,  /,  are 
connected  in  series  across  one  side  of  the  system,  and  a 
ground  connection  is  made  at  x  through  key  K.  When  all 
three  lines  are  clear  of  grounds,  the  lamps  will  burn  at  a 
dull  red,  they  will  all  be  equal  in  brightness,  and  their  color 
will  not  change  when  key  K  is  pressed.  Suppose  that  line  C 
becomes  grounded  at  G  \  then,  when  K  is  pressed,  lamp  /, 

J.     lU.—lO 
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points  1  and  2  or  1  and  3  may  be  connected  together.  Under 
ordinary  conditions,  the  plug  is  in  1  and  2,  thus  connecting 
the  primary  of  the  potential  transformer  across  the  line, 
and  V  serves  as  an  ordinary  voltmeter.  5  is  a  key,  or 
push  button,  that,  when  pressed,  connects  one  side  of  the 
line  to  ground  through  the  transformer  primary.  If  there 
happens  to  be  a  ground  on  the  side  ^,  as  shown  at  G\  the 
voltmeter  will  give  a  reading,  and  the  attendant  can  judge 
by  the  size  of  the  deflection  as  to  whether  the  ground  is  a 
serious  one  or  not.  The  path  of  the  current  is  b-G'-G-o-to 
primary- 7-i?-<7.  By  placing  the  plug  in  points  1  and  J, 
side  a  may  be  tested.  When  the  key  5  is  not  pressed,  the 
lever  5  is  against  contact  -^,  so  that  V  is  connected  as  an 
ordinary  voltmeter.  • 

31.     A  ground  detector  that  is  suitable  for  high-tension 
alternating-current  systems  is  shown  in  Fig.  'M).     This  is 
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Fig.  39. 


one  of  the  earlier  types  used  by  the  Westinghouse  Company, 
and  is  similar  in  principle  to  the  lamp  detector  shown  in 
Fig.  30.  The  only  difference  is  that  the  lamps  are  operated 
by  means  of  transformers  T,  7'.  These  transformers  have 
their  primaries  connected  in  series  across  the  high-tension 
lines  and  the  middle  point  ,v  can  be  connected  to  ground 
through  the  key  K.  The  secondaries  are  connected  directly 
to  the  lamps  /,  /'.  If  line  /;  is  grounded  and  K  pressed,  the 
primary  of  T  will  be  cut  out  and  lamp  /  will  go  out.  Lamp  /' 
will  brighten  up.     When  there  are  no  grounds  on  the  line, 
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both  lamps  will  burn  dim  and  at  equal  brightness  whether 
K  is  pressed  or  not. 

3!2.  Fig.  40  shows  a  form  of  alternating-current  ground 
detector  of  which  there  are  a  considerable  number  in  use. 
It  was  formerly  used  by  the  Thomson- Houston  and  Gen- 
eral Electric  Com- 
panies, but  it  has 
been  replaced  by  the 
electrostatic  ground 
detector  in  later 
installations.  The 
principle  of  the  elec- 
trostatic ground  de- 
tector will  be  de- 
scribed later. 

In  Fig.  40,  A  rep- 
resents a  laminated 
iron  core  similar  to 
a  regular  trans- 
former core.  On  it 
is  wound  the  coil  />. 
One  end  of  the  coil  c  is  arrany;e(l  so  that  it  maybe  connected 
to  either  side  of  the  circuit  through  switch  vS\  and  the  other 
end  /;  is  connected  to  the  ground.  A  tap  is  brought  from  a 
point  ^/anil  is  connected  to  the  himp  /,  and  the  other  termi- 
nal of  /  is  connected  to  the  ground.  Suppose  there  is  no 
ground  on  either  line  wire.  Then  if  the  switch  is  put  on 
either  points  1  or  J  the  lamp  will  remain  dark,  because  no 
current  will  flow  through  coil  />  to  the  ground.  If  there  is 
a  ground  on  the  line  j' and  the  switch  is  placed  on  i,  then 
current  will  ilow  f rom  j'  to  the  ground,  through  />\  and  back 
to  X  by  way  of  the  switch  and  point  1.  This  current  will 
magnetize  the  core  and  set  up  a  coimter  E.  M.  F.  in  coil  B. 
The  E.  M.  F,  set  up  in  the  portion  of  the  coil  li  b  will  cause 
the  lam[)  to  glow  and  thus  indicate  the  ground.  If  the  lamp 
glows  when  the  switch  is  placed  on  point  ^,  it  indicates  that 
there  is  a  ground  on  line  -r. 


Fig.  40. 
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In  some  forms  of  this  ground  dectector  the  switch  is 
replaced  by  an  insulated  handle  with  a  terminal  on  the  end. 
This  terminal  is  connected,  by  means  of 
a  flexible  cable,  to  one  terminal  of 
coil  B,  and  when  tests  are  being  made, 
the  terminal  is  simply  brought  into 
contact  with  the  various  lines.  This 
simplifies  matters  considerably  where 
there  are  several  circuits  to  be  tested 
and  avoids  having  a  two-point  switch 
for  each  pair  of  lines.  Fig.  41  shows 
this  type  of  ground  detector  provided 
with  a  plug  /,  by  means  of  which  it 
may  be  connected  to  any  of  the  lines. 


33.  Electrostatic  Ground  Detector. — Crround  detect- 
ors operating  on  the  electrostatic  principle  arc  used  to  quite 
a  large  extent.  They  have  the  advantage  that  they  require 
no  current  for  their  operation  and  may  be  left  connected  to 
the  circuit  all  the  time,  thus  indicating  a  gronnd  as  soon  as 
it  occurs.  They  also  give  an  indication  without  it  being; 
necessary  to  make  an  actual  connection  between  the  line 
and  ground,  as  is  the  case  with  all  the  detectors  previously 
described.  Fig.  42  illustrates  the  principle  of  the  later  style 
of  Stanley  electrostatic  ground  detector,  which  is  specially 
adapted  to  high-pressure  alternating-current  lines  because 
the  instrument  is  not  in  actual  connection  with  either  of  the 
lines.  The  instrument  itself  is  enclosed  in  a  hard-rubber 
casing  and  the  parts  are  very  similar  to  those  of  the 
voltmeter  shown  in  Fig.  IH.  The  fi.icd  vanes  7  and  Jf, 
2  and  S  are  connected  together  in  pairs,  as  shown.  The 
movable  vane  Kis  connected  to  the  ground  and  is  held  in 
the  central  position  shown  in  the  figure  by  means  of  small 
spiral  springs  .?.  The  pairs  of  fixed  plates  arc  not  con- 
nected direct  to  the  lines,  but  are  attached  to  plates  a,  a'  of 
two  small  condensers.  These  condensers  consist  simply  of 
two  brass  plates  a,  b  that  arc  mounted  in  hard  rubber  at 
some  distance  from  each  other.     Plates  b,  b'  are  connected 
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t'l  the  tiae*.  When  n-i  gr-'-unds  are  present,  /  and  4.  ~  and  3 
beo'tne  opp^siteiv  charged  by  reason  of  charges  induced  on 
pia;es  j.  j  by  p^i;^*  r.  d  .  The  fMxes  acting  on  the  vane  I' 
are,  therefore,  cvjual  and  '"pposite.  Now  suppose  that  line  S 
Sxi>ra^^  ^'unded  at  <j  .  This  is  equivalent  to  connecting 
vane  I '  t»>  !:ne  f:  i'  takes  up  a  charge  dmilar  to  2  and  .J, 
hence  it  is  repelled  by  -  and  -i  and  is  attracted  by  /  and  4, 


;.,.,-..;,;,.<  i^n-imiU'd,  .iiicflection 
'K:v.r.<.-il.      Itistruments  of  this 

'::  :•-.  pi.t.-f-i  whiTO  the  pressure 
•J.-  f.>rvc>  pr.Hl'.u-vd  by  charges 

ilv  mmh  t.-.  liolioate  to  Iw -f 
wvT  itatii'n.  In  mi*st  clectro- 
-■■nniHtt'iI  lii-ivtiy  tn  the  fixed 
nser^i  (".  ( "  are  omitted. 
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.VnRESTERS  FOR  DIRECT  CtmRENT. 

34.  The  general  principles  relating  to  lightning  arresters 
have  already  been  discussed,  and  we  will  here  confine  our 
attention  to  a  description  of  some  of  the  more  common 
types  that  are  used  in  connection  with  electric-lighting  work. 
The  arrester  used  for  any  given  lighting  system  must  be 
selected  with  due  reference  to  the  voltage  and  kind  of  cur- 
rent used.  Arresters  that  would  work  well  on  alternating- 
current  lines  might  be  total  failures  when  used  with  direct 
current,  owing  to  their  inability  to  put  out  the  arc  following 
the  discharge.  On  the  other  hand,  some  arresters  will  work 
equally  well  cither  on  direct  or  alternating  current. 

35.  The    Oarton   Arrester.  —  Fig.    43    illustrates    the 

Ijarton  arrester.     The  discharge  points  are  of  carbon,  shown 

at  //  andy.     These  points  are  about 

j'j  inch  apart,  and  the   lower  one    is 

connected  to  ground;  /  is  a  tod  of 

wire  wound  on   the  tube^",  whith  is 

closed  at  the  top;  c  isa  small  t.(  rt,  <■! 

iron  attached  to  the  rrxl  i/,  which  in 

turn  connects,  by  means  of  a   small 

llexihie  cable,  to  one  end  of  thi,  risist 

ance   b.     The  other  end  of  the  cod 

connects  to  the  other  end  of  the  resist 

ancc,  to   which  the    line   also    con 

neets.      The  resistance  b  is   mide  up 

of   a  stick  of  graphite  and    ha\inj, 

practically  no  inductance,    it    offers 

little    or   no    opposition    to    the   dis 

charge.       The    discharge    comes    m 

over  the  line  rt,   passesthrout,h   A  to 

the    rod    d,    thence    to     the    cirbon 

point  h,  and  jumps  the  air  gap  to  the  ph-  «. 

ground.       The  discharge  is    ftdlowed    by  current  from    the 

dynamo  and,  since  the  coil  is  in   slnint    with  the  rcsistam 
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part  of  this  current  will  flow  through  the  coil,  thus  draw- 
ing up  the  core  *■  and  breaking  the  arc  between  e  and  /i. 
The  fact  that  the  arc  also  takes  place  in  the  enclosed  tube 
tends  to  put  it  out.  As  soon  as  the  discharge  has  passed, 
the  core  drops  back  and  the  arrester  is  ready  for  the  next 
discharge.  This  arrester  is  very  simple  and  is  not  liable 
to  get  out  of  order.  The  spark  gap  should  be  examined 
now  and  then  to  see  that  it  has  not  become  enlarged  or 


r  T"  T 


blocked  up  in  any  way.  If  the  gap  becomes  too  long,  the 
lower  carbon  may  be  moved  up  a  little.  Sometimes  arrest- 
ers are  connected  as  shown  in  Fig.  44,  as  this  arrange- 
ment gives  especially  good  protection.  Here  three  kicking 
coils  are  connected  in  series  and  a  lightning  arrester  is 
connected  in  ahead  of  each  coil.  The  Garton  arrester 
may  be  used  on  either  direct -current  or  alternating-current 
circuits. 


36,  Westlnffhouse  Arrester. — Fig.  45  shows  the  form 
of  the  Westinghouse  arrester  that  is  used  on  direct -current 
circuits.  This  arrester  has  no  movable  parts,  and  the 
arc  is  extinguished  by  smothering  it  in  a  confined  space. 
Two  terminals  d,  b  are  mounted  on  a  lignum-vitfe  block 
and  are  separated  by  a  space  somewhat  less  than  ^  inch. 
This  space  is  crossed  by  a  number  of  charred  grooves, 
so  that  although  the  resistance  in  ohms  between  the  ter- 
minals is  very  high,  yet  the  lightning  will  readily  leap 
across   the  space.     The   block   A   is   covered  by  a  second 
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block,  not  shown  in  the  figure,  that  cxchidcs  the  air  and 
confines  the  arc  to  the 
small  space  between  the 
terminals.  When  the 
arc  tends  to  follow  the 
discharge,  the  small 
space  is  soon  filled  with 
the  vapor  of  the  me- 
tallic electrodes  that 
will  not  support  com- 
bustion, and  the  arc  is 
put  out.  The  connec- 
tions of  the  arrester  are 
very  simple,  one  side 
being  connected  to  the 
line  and  the  other  to 
ground.  It  should  be 
noted  that  this  arrester  ^■°-  *■'■■ 

is  intended  for  use  on  direct-current  circuits  only,  and  the 
pressure  should  not  exceed  (iOO  or  700  volts. 


® 

d 

9 
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37.     Maiometle  Hlow-Out  Ari-fstors.— 1" 

lightning  arrester  th.at  has  been   used  e.vte: 
General   Kle 


ferring  to  Fig.  ■!(!, 
cores  B,  so  that  i 


41!  shows  a 
■cly  by   the 
c  Company 
fur  low-pressure  direct-cur- 
rent circuits.      It  is  of  the 
magnetic    blow-out     type, 
i.    e.,    the    arc     that     fol- 
lows the  discharge  is  e.xtin- 
guishcd  by  forcing  it  across 
a  magnetic  field  until  it  is 
stretched    out     to    such    a 
length  that  it  can  no  longer 
be  maintained.       The  con- 
struction   of    the    arrester 
will    lie  understood   by    re- 
;ire  two  roils  of  wire  wound  on  the 
iirrent  flows  through  them,  poles 
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are  formed  at  iV,  5,  and  a  magnetic  field  is  set  up  in  the 
space  between  them.  C,  C  are  the  two  electrodes,  sep- 
arated by  a  small  air  gap,  between  which  the  lightning 
jumps  when  it  comes  in  over  the  line.  Z>,  D'  are  two  ter- 
minals with  a  small  gap  between  them.  This  auxiliary  gap 
is  provided  in  order  that  the  discharge  may  pass  to  the 
ground  without  having  to  pass  through  coWs  A^  A,  which 
have  considerable  self-induction  and  which  would  there- 
fore oppose  the  discharge.  The  connections  of  the  arrester 
for  one  side  of  the  circuit  are  shown  in  Fig.  47,  and  the 
action  is  as  follows:     When  a  lightning  discharge  comes  in 


L/ne 


7b  Dynamo 


over  the  line,  it  jiimj)s  the  gap  between  C  C  and  also  that 
between  I)  I)'  and  passes  to  the  ground.  If  a  discharge 
happens  to  eonie  over  the  other  side  of  the  circuit  at  the 
same  time  (and  this  would  usually  be  the  case,  because  the 
line  wires  run  side  by  side),  there  will  be  a  rush  of  current 
from  the  dynamo  across  j^aps  .r,  y  to  the  ground.  Of  this 
current,  a  considerable  part  will  pass  through  coils  A, 
because  these  are  (M)nnected  in  shunt  across  the  gap  j'.  The 
result  is  that  a  mai^netic  field  is  set  up  l)etween  poles  iV,  .V, 
and  the  arc  fornuMl  between  the  electrodes  is  forced  across 
the  field.  On  account  of  the  shape  of  the  electrodes  6",  C\ 
the  arc  is  stretched  out  as  it  is  forced  up  and  is  finally 
broken.  The  coils  ./  carry  current  only  when  the  arrester 
is  in  ac^tion,  and  hcn(^e  the  arrester  may  be  connected  to 
any  low-tension  line  independent  of  the  current  supplied 
over  the  line. 
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38.  One  or  the  objections  to  the  arrester  jiist  described 
is  that  the  discharge  must  jump  a  rnmparatively  long  air 
gap  before  reaching  i" 
ground.  In  a  later  i. 
of  magnetic  blow-out 
rester,  the  length  of  . 
is  much  shorter.  Fi;; 
shows  the  external  a]]" 
ance  of  this  arrester,  . 
Pig.  49  {a)  and  {/>)  f.li 
the  arrangement  of 
parts.  Fig.  .10  shows  !i 
the  arrester  is  connci  ■ 
All  the  parts  are  mou  n  i 
on  porcelain.  Fig,  4!i  (/>) 
shows  the  porcelain  box 
that  holds  the  blow-out 
coil  c  with  its  polar  projec- 
tions A,  //.  also  the  graph-  ^'°'  ^' 
ile  resistance  r.  The  electrodes  arc  moimtL-d  ii 
Fig.  4y  (a),  in  connection  with  the  clips  i-',  k' . 
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cover  is  in  place,  as  shown  in  Fig.  48,  dips  V^  V  make  con- 
tact with  the  tongues  k^  k^  and  we  have  the  scheme  of 
connections  shown. in  Fig.  50.  Here  a  represents  the  air 
gap,  shown  also  at  a.  Fig.  49  (a),  x y  is  the  blow-out  coil, 
rY  the  graphite  resistance.  The  ground  connection  is 
made  to  the  lower  end  /  of  the  resistance,  and  the  line 

is  oonnected  to  the 
upp^*  electrode.  A 
reactance  or  kicking 
coil  maybe  inserted, 
as  shown  at  Z,  as  an 
additional  precau- 
tion. The  terminals 
of  the  blow-out  coil 
connect  to  z  and  /, 
so  that  the  coil  is 
in  parallel  with  a 
portion  of  the  resistance.  When  a  discharge  comes  in  over 
the  line,  it  jumps  the  air  gap  and  passes  to  the  ground 
through  the  resistance,  following  the  path  a-n—s-l—G, 
When  the  current  follows  the  discharge,  part  of  it  takes  the 
path  Ji-x-y-p-r'-l-Gy  passing  through  the  blow-out  coil. 
By  examining  Fig.  -49  {a)  and  (^),  the  student  will  notice 
that,  when  the  cover  is  placed  in  p>osition  and  held  in  place 
by  clip  /,  the  air  gap  a  falls  between  the  pole  pieces  //,  //. 
The  result  is  that  as  soon  as  an  arc  is  formed  it  is  blown  out 
through  the  opening  shown  in  the  cover,  Fig.  48,  and  at  once 
extinguished.  It  will  be  noted  that  a  portion  of  the  resist- 
ance r'  is  in  series  with  the  coil  and  spark  gap,  and  thus 
limits  the  amount  of  current  that  tends  to  follow  the  dis- 
charge. The  ordinary  type  of  this  arrester  is  suitable  for 
any  direct-current  circuit  using  pressures  of  850  volts  or  less. 
It  has  been  very  largely  used  on  street-railway  lines,  but  it  is 
also  well  adapted  for  low-tension  lighting  work.  The  air  gap 
is  quite  short  (about  .025  inch),  and  the  electrodes  should  be 
examined  from  time  to  time  to  see  that  the  air  gap  does  not 
become  larger  or  bridged  over.  If  the  gap  becomes  larger, 
there  is  danger  of  the  lightning  puncturing  the  insulation  of 
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the  apiiaratus  lr>  be  prolecletl  instead  uf  passing  through 
ihe  gap.  The  length  uf  the  air  gap  may  be  adjustet!  by 
[loosening  the  clamps  and  moving  the  electrodes  nearer 
together. 


AltlCUSTEItS    FOR   AI-TKONATING    CUimEXT. 

S9.  W«?>stInt[houso  AntMster  for  Alternntlnfc  Cur- 
rent.— Fig.  61  shows  ;i  type  i>f  arrester  that  has  been  largely 
used  by  the  Wcstinghouse  Company  on  alternating-current 
circuits.  It  is  known  as  the  H'lir/s  non-arcing  arrester, 
and  consists  of  a  number  of  milled  cybnders  a,  a  mounted 
as    shown    and    separated    from    each    other    by    small    air 
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gaps.  The  end  cylinders  art-  connected  to  thi;  lines  and  the 
middle  cylinder  to  the  ground.  With  this  arrangement,  a 
single  arrester  does  for  both  sides  of  the  line;  where,  how- 
ever, the  line  pressure  is  high,  a  separate  arrester  is  used  for 
each  side;  and  for  very  high  pressures,  such  as  are  used  on 
long-distance  lines,  a  number  of  arresters  are  connected  in 
I  s«iic$.     When  a  discharge  comes  ia  over  the  line,  it  jumps 
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ihe  gaps  between  the  cylinders  and  passes  to  the  ground. 
It  is  claimed  that  the  arc  does  not  hold  over,  because  the 
gases  formed  by  the  volatilization  of  the  metal  will  not  sup- 
port an  arc.  The  cylinders  are  made  of  what  is  known  as 
non-arciug  metal.  Others  claim  that  the  suppression  of  the 
arc  is  due  to  the  cooling   effect  of  the  cylinders  and  the 
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alternating  nature  of  the  current.  The  arc  will  be  destruc- 
tive if  these  arresters  are  used  on  direct-current  circuits, 
but  it  will  not  be  maintained  on  alternating-current  cir- 
cuits. The  arresters  should  be  e.\amined  from  time  to 
time  and  the  cylinders  rotated  slightly  so  that  they  will 
present  fresh  surfaces  to  each  other.  Fig.  52  shows  the 
method  of  connecting  these  arresters  on  1,000-volt  and 
2,000-volt  circuits. 

40.  General  Electrto  Arrester  for  Alternating 
Current.— Fig.  5^  shows  an  arrester  used  by  the  General 
Electric  Company  for  alternating-current  circuits.  It  is 
somewhat   similar  to   the   Wurts  arrester   just   described, 
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except  thai  fewer  spark  gaps  are  used  and  a  non-inductive 
resistance  r  is  inserted  in  the  circuit  in  order  to  limit  the 
current    following    the    discharge.     _  ^^^ 

The  spark  gaps  a,  a  are  between  the 
licavy  metal  cylinders  b.  b,  b.  the 
middle  otic  of  which  is  connected 
lo  ground  in  the  double-pole  ar- 
rester shown.  The  makers  claim 
that  the  arcing  is  suppressed  by 
the  cooling  effect  of  the  heavy 
cylinders.  This  arrester,  like  ihe 
previous  one,  is  not  suitable  for 
use  on  direct -current  circuits. 
Fig.  54  shows  this  arrester  con- 
nected on  a  l,Ot)0-volt  circuit. 


'  if 


41.  The  arresters  just  described 
have  been  shown  as  arranged  for 
indoor  use  in  the  station.  They 
may,  however,  be  used  on  the 
line,  in  which  case  they  should  be  "'"■  ^^ 

mounted  in  a  weather-proof  box  made  of  iron  or  wood.  A 
wooden  box  will  answer  every  purpose  if  it  is  substantially 
made  and  painted  with  weather-pnmf  paint,  Wht're  the 
pressure  on  the  circuit  is  highi-r    than  that  fnr  which   the 
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staadard  arresters  are  made,  it  is  usual  to  connect  a  number 
of  arresters  in  series  (see  Fig.  ,V2).  The  connections  to  and 
from  the  arresters  should  be  made  with  wire  not  less  than 
Ko.  4  B.  &  S.  and  all  connections  should  be  run  as  straight 
as  possible. 
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42.  The  s>vltclil)oarcl  is  a  necessary  part  of  every  plant. 
Its  object  is  to  group  together  at  some  convenient  and 
accessible  point  the  necessary  apparatus  for  controlling  and 
distributing  the  current  to  the  various  circuits,  and  the 
safety  devices  for  properly  protecting  the  lines  and  machines. 
The  different  pieces  of  apparatus  used  in  this  connection, 
and  which  are  mounted  on  the  switchboard,  have  already 
been  described.  Sometimes  the  lightning  arresters  are 
placed  at  the  point  where  the  wires  enter  the  building,  but 
in  a  great  many  cases  they  are  mounted  on  the  back  of  the 
switchboard.  Scarcely  any  two  switchboards  are  alike  in 
every  particular;  their  layout  and  the  type  of  apparatus 
used  on  them  depend  on  the  character  of  the  system  used, 
the  number  and  size  of  dynamos,  the  number  of  circuits 
supplied,  etc. 

43.  Cienoiiil  Construction. — Switchboards  were  for- 
merly made  of  wood  and  consisted  simply  of  a  built-up  board 
or  wall  sufficiently  large  to  accommodate  the  instruments. 
This  construction  was  objectionable  on  account  of  the  fire 
risk,  and  tiie  only  type  of  wooden  board  that  is  now  allowed 
l)y  the  Fire  Underwriters  consists  of  a  skelet<m  frame  of 
well-seaso!U(l  hardwood  filled  and  varnished  to  prevent 
absorption  of  moisture.  A  skeleton  board  of  this  kind  is 
cheap  and  is  suitable  for  those  places  where  the  expense  of 
a  slate  or  niarl)le  board  is  n(>t  warranted.  Modern  boards 
are  nearly  always  made  of  slate,  marble,  soapstone,  or  brick 
tile.  Slate  is  usiiallv  satisfactory  for  low-tension  work,  but 
it  should  be  avoided  on  hij^h-tension  boards,  because  it  is 
liable  to  contain  metallic  veins.  The  j)arts  of  the  switches, 
et(\  are  nearly  always  mounted  direc^tly  on  the  board,  and 
if  any  metallic  veins  are  present  there  will  be  leakage.  A 
.U'ood  (juality  of  marble  is  the  material  i^enerally  used  for 
modern  boards.  Tlu!  slabs  making;'  the  boards  may  vary 
from  'I  ineh  to*iinehes  in  thickness,  depending  on  their  size. 
Most  central-station  slate  or  marble  boards  are  made  2  inches 
thick  with   a  bevel   around   the  edge  of  \  inch   or    I  inch. 


gn 


ELECTRIC    LIGHTING. 


61 


They  are  supported  by  bolting  to  angle  inms,  i,  /,  Fig.  Sfi, 
and  are  stood  out  from  the  wall  by  means  of  braces  d,  b. 
Station  boards  built  up  as  shown  in  Fig.  o5are  usually  about 
90  inches  high.  It  has  become  customary  to  build  up  boards 
in  panels,  each  panel  carrying  the  apparatus  necessary  fur  a 
generator  or  one  or  more  feeders.  Those  carrying  the 
instruments    for    the    gi;ni:rators  are  known  as    uoiicnitor 


poiiols;  those  carrying  the  instruments  fur  the  feeders  as 
Toeder  jmiiL-ls.  This  system  allows  the  board  to  be  easily 
extended  as  the  plant  grows  in  size,  as  additional  panels  can 
be  added  to  those  already  in  use.  The  extra  panels  are 
attached  to  those  already  installed,  as  indicated  by  the 
dotted  lines  in  Fig.  55.  the  panels  being  held  together  by 
means  (^  bolts  passing  through  liutcs  h  in  the  angle  iron. 
J.    111.— I! 
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DIRECT-CX"RREXT  SniTCaBOARDS. 

44.  Fig.  Stishowsatypicaldirect-current  board  arranged 
for  two  generatiirs  and  three  feeders,  A  and  B  are  the 
generator  panels,  /)  and  £  the  feeder  panels,  the  panel  E 
accinnmodating  two  feeders.  In  the  center  of  the  board  is  a 
^  panel  C  that  accommodates  the  ammeter  Jf,  which  is  so  con- 
nected as  to  indicate  the  total  current  output  of  the  two 


liynamos.  Tliis  ]i;iiu-l  also  ciirrics  llic  station  voltmeter  I', 
wliiih  is  iiioiinlcil  on  a  lirackct,  so  that  it  may  be  set  at 
wlialcvcr  aiifjlc  it  may  be  seen  to  best  advantage.  Eai.h 
griiiTator  panel  is  cqiiippi^d  with  an  ammi-ter  ir,  a  circuit- 
lir.akcr /',  voltmi-HT  plug  ami  recejitacle  c,  main  switch  (/, 
anil  l■ll(;.l^^aL  c.  If  lightning  arresters  are  used,  they  are 
nionnteil  on  ilie  buck  of  Hit  buard.      Triple-pole  generator 
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switches  d  are  used  so  that  the  machines  may  be  operated  in 
parallel.  Each  feeder  is  provided  with  a  switch/* and  cir- 
cuit-breaker g.  On  many  boards,  each  feeder  is  also  pro- 
vided with  an  ammeter.  Each  generator  panel  is  also 
provided  with  a  pilot  lamp  //,  which  is  connected  back  of  the 
main  switch,  so  that  it  will  show  when  the  generator  is  up  to 
voltage,  even  if  the  main  switch  is  not  in.  The  exact 
arrangement  of  the  wiring  on  the  back  of  the  board  may  be 
varied  somewhat,  but  Fig.  57  indicates  the  general  scheme 
of  connections  for  a  board  of  this  kind.  The  various  parts 
in  the  diagram  are  lettered  to  correspond  with  Fig.  5<i. 
The  main  dynamo  leads  and  equalizer  leads  connect  to  the 
lower  terminals  of  the  main  switches  d.  The  upper  +  ter- 
minal of  each  switch  d  connects  directly  to  the  +  bus-bar. 
The  equalizer  terminals  are  connected  to  the  equalizer 
bar  E'  E\  so  that  when  the  main  switches  are  thrown  in,  the 
series  coils  are  connected  in  parallel.  The  upper  —  terminal 
of  each  switch  connects  to  the  —  bus-bar,  after  first  being  led 
through  the  ammeter  shunt  s  and  the  circuit-breaker  b.  It 
would  not  do  to  connect  the  ammeter  shunt  and  circuit- 
breaker  in  the  side  to  which  the  equalizer  is  connected, 
because  part  of  the  current  may  flow  through  the  equalizer, 
and  the  ammeter  would  not  indicate  the  full  output  of  the 
machine.  All  the  current  delivered  by  the  machine  thus 
passes  through  the  circuit-breaker  and  ammeter  .shunt. 
The  ammeter  a  is  connected  to  its  shunt  s  by  means  of  the 
small  cables  furnished  with  the  instrument.  The  lower 
terminals  of  the  voltmeter  receptacles  r,  c  are  connected  to 
the  +  and  —  sides  of  the  machines,  as  shown.  It  should  be 
noted  that  these  connections  are  made  to  the  lower  terminals 
of  the  main  switch,  so  that  voltmeter  readings  may  be 
obtained  before  the  switches  are  thrown  in.  The  pilot 
lamps  //,  //  are  also  connected  to  the  same  lines,  so  that  they 
will  indicate  when  the  machine  is  uj)  to  voltage.  The  ui)per 
terminals  of  the  voltmeter  recej^tacle  are  connected  to  the 
voltmeter  J',  so  that  by  inserting  the  plug,  the  voltmeter 
may  be  connected  to  cither  dynamo.  The  -|-  ^I'^d  —  bus- 
bars run  across  the  back  of  the  board  to  the  feeder  panels. 
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Between  the  generator  and  feeder  panels,  the  shunt  S'  for 
the  main  ammeter  M  is  inserted,  so  that  the  total  current 
supplied  by  the  two  machines  must  pass  through  the  shunt, 
and  the  ammeter  Af  thus  indicates  the  total  current  output. 
The  method  of  connecting  the  bus-bars  to  the  feeders 
dejjends  to  some  extent  on  whether  the  feeders  are  to  pass 
out  at  the  top  of  the  board  or  whether  they  are  to  be  carried 
down  through  the  floor.  In  this  case,  they  arc  shown  con- 
nected to  the  bottom  terminals  of  the  switches  and  carried 
downwards.  One  side  of  each  feeder  switch  is  connected 
directly  to  the  —  bus-bar;  the  other  side  connects  to  the 
-|-  bus-bar  through  the  circuit-breaker  ^.  Lamps  /*  and  /  may 
be  connected  directly  across  the  bus-bars,  or,  if  desired,  they 
may  be  made  to  indicate  when  a  circuit-breaker  is  out  by 
connecting  to  the  outgoing  terminals  of  the  feeder  switch. 
Lamp  k  is  shown  connected  in  this  way ;  lamp  /  is  shown 
connected  directly  across  the  bus-bars.  Small  fuses  are 
inserted  in  the  various  lamp  circuits  to  prevent  any  danger 
from  short  circuits.  This  board  is  not  shown  equipped  with 
a  ground  detector,  but  if  such  were  required,  it  could  be  con- 
nected as  shown  at  /).  Each  line  should  also  be  provided 
with  a  lightning  arrester  if  they  connect  to  overhead  lines. 
These  arresters  would  be  arranged  in  connection  with  kick- 
ing coils,  as  previously  described.  The  student  should  trace 
out  carefully  the  connections  given  on  the  above  board;  by 
doing  so,  he  will  soon  become  familiar  with  the  method  of 
arranging  and  connecting  the  various  parts. 

45.  The  direct-current  switchboard  shown  in  Fig.  50  is 
of  fairly  large  capacity  and  is  suitable  for  a  j)hint  where  a 
comparatively  few  number  of  feeders  of  large  capacity  are 
supplied.  For  isolated  })lants  in  stores,  moderate-sized 
office  buildings,  and  factories,  the  output  of  the  machines  is 
not  so  large  and  such  a  heavily  constructed  board  is  not 
necessary.  Fig.  5.S  shows  a  tyj)ical  board  for  an  isolated 
plant.  This  is  arranged  for  five  feeders  and  two  dynamos. 
The  panels  A  and  C  accommodate  the  generator  apparatus 
and  the  center  panel  />   carries  the   five  double-pole  feeder 
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switches  s.  Each  of  ihcse  switches  is  provided  with  f usies  /", 
as  the  (Turreot  handled  on  each  circuit  is  comparatively 
small  and  circuit -breakers  are  hardly  neccssarj-.  Each  ^ 
eratur  is  provided  with  a  triple-|»le  main  switch  ^  and  I 
circuit-breaker  ,!/";  \,  . 
generator,  and  f'is  the 


dsj^       i^^       <3j^      c^jH^^ 


to  either Kcnerator  by  means  of  the  plug/ and  receptacles 
The  lamps  /,  /are  connected  back  of  the  main  switch, 
to  act  as  pilot  lamps.     The  lamps  k,  k  are  for  detet 
grounds  as  previously  explained.     If  a  cheaper  installatii 
were  required,   main   fuses   might  be   substituted   fur   the 
circuit -breakers  J\f,  but  otherwise  the  board  shows  about 


:le8^^H 
soj^H 
:ctt^^^| 
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the  minimum  amount  of  apparatus  required  for  operating 
two  dynamos  singly  or  in  parallel  on  five  feeders.  Fig.  59 
shows  the  general  scheme  of  connections  with  the  exception 
of  those  for  the  ground  detector,  which  have  been  omitted, 
as  they  are  not  essential.  From  the  explanation  already 
given  with  Fig.  57,  there  should  be  little  difficulty  in  tracing 
them  out.     This  is  left  as  an  exercise  for  the  studtjnt. 


46.  On  both  thi 
tion  is  shown  as  running  to  the  : 
,  to  the  middle  blade  of  the  tripli 
general  practice  where  thu  dyn; 
small  capacity;  but  for  large  i 
better  practice. 


rds,  the  i-qiializ 

switchboard  and  onm^ctcd 

switch.      This  is  the 

are   of   comjmralively 

it    is  now    considered 

l..ubl<-.pole 


single-pole  switches  on  the  board  instead  of  one  triple-pole, 
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and  run  the  equalizing  connection  directly  between  the 
machines.  In  this  case,  each  djnanit>  is  provided  with  a 
separate  single-pr>le  equalizing  switch  mounted  on  a  stand 
near  the  machine. 
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47.  The  arrangement  of  ordinary  alternating-current 
boards  is,  in  many  respects,  similar  to  that  of  direct -current 
boards.  They  are  usually  built  up  in  panels  in  the  same 
way  as  the  boards  previously  described.  Owing  to  the  fact 
that  alternators  are  generally  separately  excited,  the  switch- 
board contains  some  extra  apparatus  connected  with  the 
exciter  that  is  not  found  on  direct-current  boards.  The 
wiring  and  connections  will  also  depend  on  whether  single- 
phase  or  pr>]y phase  alternators  are  used,  and  whether  these 
machines  arc  to  be  arranged  for  parallel  running  or  not. 
It  is  thus  seen  that  the  number  of  different  stvles  of  board 
that  may  be  used  is  very  large.  The  following  is  intended 
merely  to  bring  out  some  of  the  more  important  points  con- 
cerning the  arranj^ement  of  such  boards. 

4S.  SIntfl€'-Phas<'  Oonorator  I'nnol. — Fij^.  »»0  (tj)  and 
(/j)  j^ives  front  and  rear  views  of  a  typical  alternating- 
cnrn;nt  panel  for  one  single-phase  jrenerator.  Such  a 
board  would  \u'  used  where  only  one  single-phase  machine  is 
ofieratfrd  on  a  single  line,  and  represents  about  as  simple  an 
arrangement  as  possible.  This  panel  is  equipped  with  the 
following  a[>paratus:  main  switch  ^7,  electrostatic  ground 
d<;te(tor  /\  voltmeter  c,  ammeter  {/,  field  switch  /",  generator 
rheostat  j;,  exciter  rheostat  //,  main  fuses  /\  and  potential 
transformer  /.  The  main  switch  a  is  of  the  quick-break 
tyyx:  and  is  provided  with  the  marble  barrier  /  between  the 
jaws  to  pnrvent  arcing  across.  The  switch/" is  used  to  dis- 
connect th(;  field  of  the  alternator  from  the  exciter  and  is 
I)rovidcd  with  auxiliary  carbon  contacts  to  prevent  burning 
the  blad(;s.  The  rheostat  x''  i^^  mounted  on  the  back  of  the 
l)oard   and   is  operated   by  a  hand  wheel   in  front.      This 
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rheostat  is  connected  in  series  with  the  firlrl  of  the  alter- 
nator, so  that  the  field  current  may  iw  adjuMod.  The 
rheostat  i4r  is  in  the  shunt  lietd  of  the  exciter  and  serves  to 
regulate  the  exciter  vintage.  In  many  cases  the  rheostat^ 
is  nt>t  used,  the  field  current  nf  the  allematur  being  increased 
or  ilecreased  by  raising  or  lowering  the  exciter  voltage  by 


means  of  the  rheostat  h.  It  is  best,  however,  to  have  the 
rheostat  g  also,  especially  if  two  or  more  alternators  are 
excited  by  the  same  exciter,  because  it  then  allows  the  field 
current  of  each  alternator  to  be  adjusted  independently  of 
the  others.  The  voltmeter  c  is  connected  to  the  machine 
through  the  potential  transformer  /,  and  a  small  voltmeter 
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switch  e  is  placed  in  circuit  so  that  the  %'oltmeter  may  be 
cut  out  of  circuit  when  not  needed.  The  main  fuses  it  are 
of  the  encktsed  type  previously  described.  Xo  synchroni- 
zing device  is  needed  on  this  board,  as  it  is  intended  for  a 
single  machine  only. 


■tl>.  'i'lir  rear  vi.'w  i.f  tho  li..anl  will  !iiv<-  .1  ji"'"'  '''ea  as 
o  thr  way  ill  whirli  ilir  wirinj;  is  arraai^.-.l.  ll.-avy  riil.bf  r- 
■rivcrrd  wiri'  shniilil  111;  uscil  for  litis  work,  anil  t-spt^cial  care 
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should  be  taken  to  see  that  everything  is  thoroughly  insu- 
lated and  neatly  done.  The  leads  from  the  alternator 
connect  to  terminals  1  and  2  and  the  line  connects  to  ter- 
minals 3  and  4-  The  potential  transformer  /  is  mounted  on 
an  iron  framework  at  the  base  of  the  board,  and  when  the 
lightning  arresters  are  placed  on  the  board,  they  are  usually 
mounted  on  a  similar  framework  rather  than  on  the  back  of 
the  board  itself.  This  makes  them  stand  out  so  that  they 
do  not  crowd  the  wiring  (m  the  back.  Fig.  i\\  shows  the 
general  scheme  of  connections  on  a  board  similar  to  that 
shown  in  Fig.  00.  It  will  here  be  noted  that  on  this  board 
the  current  is  led  directly  through  the  ammeter,  because 
the  current  output  of  the  alternator  is  not  large.  If  a  very 
heavy  current  were  to  be  handled,  a  current  transformer 
might  be  used  in  connection  with  the  ammeter. 

50.  8>vltelilK>ar<ls  for  Piiiiillel  Kiinnin^. — When 
alternators  are  operated  in  parallel,  it  is  necessary  to  pro- 
vide bus-bars  running  across  the  bac  k  of  the  board  and  to 
have  the  different  machines  arranged  so  that  they  may  feed 
into  these  bus-bars.  In  fact,  the  arrangement  is  very  simi- 
lar to  that  shown  in  Fig.  oT,  with  suc^h  modifications  as 
are  necessary  to  adapt  the  board  to  alternating  current. 
Fig.  r»2  shows  the  connections  for  two  three-phase  machin(*s 
arranged  for  multiple  running,  as  used  by  the  Westinghouse 
Company.  The  alternators  are  connected  to  the  bus-bars 
through  a  high-tension  switch  in  tlie  ordinary  way.  Main 
fuses  are  here  provided  between  llie  alternator  and  main 
switch,  and  these  fuses  may  or  may  not  be  placed  on  the 
switchboard  itself.  The  field  excitation  is  carried  out  in 
the  same  way  described  in  connection  with  Figs.  ()()  and  (U, 
about  the  only  difference  being  that  field  phigs  c\  c'  are  used 
instead  of  field  switches.  Three  ammeters  are  provided  for 
each  generator,  one  in  eacdi  leg  of  the  three-phase  system. 
In  many  cases,  however,  two  ammeters  only  an^  used,  as 
shown  on  the  feeder  circuit.  7'  and  T  are  tlie  ])otential 
transformers  that  furnish  current  to  the  voltmeters  / ',  J'' 
and  also  to  the  synchronizing  lamps  /,  /'.     The  voltmeter 
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ts  also  made  In  serve  as  a  Kroiind  detector  by  using  the  plug 
switches  ^.  K'  antl  ground  keys  t,  t'.     The  synchronizing 


lamps  are  connected  to  tht  transformers  by  inserting  plugs 
/,  /',  and   from   the  way    in   which   the  transformers  are 
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connected,  the  lamps  will  be  dark  when  the  machines  are  in 
synchronism;  by  reversing  the  connections  of  one  of  the 
transformers,  the  lamps  would  be  bright  at  synchronism. 
When  the  voltmeter  or  synchronizer  is  in  use,  the  plug 
switches  connect  points  o\  1'  and  t?,  1. 

51.  Sometimes  when  a  number  of  alternators  are  oper- 
ated in  multiple,  it  is  advisable  to  have  their  exciters 
arranged  so  that  they  may  be  operated  in  multiple  also.  If 
one  exciter  breaks  down,  the  others  may  then  supply  the 
alternator  that  would  ordinarily  be  supplied  by  the  disabled 
machine.  Again,  in  large  plants,  it  is  quite  customary  to 
supply  all  the  alternators  with  their  field  current  from  one 
or  two  large  exciters  that  feed  into  a  pair  of  exciter  bus- 
bars, from  which  the  several  alternators  are  supplied. 

62.  Kunning:  Alternatoi's  8epartitely.  —  In  many 
lighting  plants,  the  alternators  are  not  run  in  multiple ;  in 
fact,  special  precautions  are  taken  to  see  that  there  is  no 
possibility   of    their   being   thrown    in    multiple.      In   such 


To  A/fernafor  A/o/,- 


o.po.r. 


Fig.  03. 


cases,  they  are  arranged  so  that  the  load  may  be  divided 
between  them.  This  is  usually  accomplished  by  using 
double-pole,  double-throw  switches,  as  indicated  in  Fig.  03, 
when  two  alternators  arc  used.      The  upper  set  of  bus-bars 
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is  connected  to  one  alternator  and  the  lower  set  to  the 
other.  The  upper  terminals  of  each  feeder  switch  are  con- 
nected to  the  upper  bars  and  the  lower  terminals  to  the 
lower  bars.  The  feeders  are  connected  to  the  middle  ter- 
minals as  shown.  When  all  the  switches  are  up,  the  alternator 
No.  2  is  not  running,  and  the  whole  load  is  carried  by  No.  1. 
As  shown  in  the  figure,  circuits  1  and  4  are  on  alternator 
No.  i,  because  switches  A  and  D  are  both  thrown  up. 
Feeder  2  is  on  alternator  No.  2.  Feeder  No.  S  is  cut  out 
altogether,  as  the  switch  blades  are  standing  straight  out 
and  the  circuit  is  not  connected  to  either  pair  of  bus-bars. 
It  is  easily  seen  from  the  figure  that  any  circuit  or  combina- 
tion of  circuits  may  be  connected  to  either  alternator  and 
that  there  is  no  possible  way  in  which  the  switches  can  be 
thrown  so  as  to  connect  the  alternators  together.  It  is 
well,  when  arranging  circuit-changirig  switches  for  sepa- 
rately operated  alternators,  to  see  that  there  is  no  p<3ssi- 
bility  of  the  machines  being  thrown  together,  because  if 
this  is  done,  it  is  apt  to  lead  to  disastrous  results.  In  plants 
where  a  number  of  alternators  of  different  types  and  sizes 
arc  run,  it  is  not  usual  to  operate  them  in  parallel,  as  there 
is  always  more  or  less  trouble  in  doing  so.  In  such  cases, 
by  using  (lifFcrtMit  sets  of  bus-bars  and  changing  switches 
the  load  can  be  divided  up  properly. 
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5^5.  Where  a  nunihtT  of  feeders  are  supplied  from  a 
sin^'le  dvnanio,  il  is  often  necessary  to  have  some  means  of 
raising  or  lowering  llie  pressure  on  these  feeders  independ- 
ently of  eaeh  (»ther.  This  matter  has  already  been  referred 
to  in  eonneetion  with  direct-current  plants  where  a  booster 
is  used  in  the  c  ireuit  on  which  the  |)ressure  is  to  be  raised  or 
lowered.  When  alternating  current  is  used,  the  pressure  on 
the  feeders  can  be  easilv  raised  <»r  loweretl  bv  usinii:  what  is 
known  as  a  potential  rc^rnbitor.  These  appli:inees,  while 
not    usually    placed    on    alternating-current    switchboards, 
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are  so  closely  connected  with  them  that  it  is  thought  advi- 
sable to  mention  them  in  this  connection.  There  are  a 
number  of  different  types  of  these  regulators,  but  they  all 
take  the  form  of  a  special  type  of  transformer,  the  primary 
of  which  is  connected  across  the  mains  and  the  secondary  is 
connected  in  series  with  the  mains. 

54.  Btlll-well  Regulator. — One  of  the  regulators  that 
has  been  most  largely  used  for  lighting  work  is  the  StlUwell 
regulator,  brought  out  by  the  Westinghouse  Company. 
The  action  of  this  regulator  may  be  explained  briefly  as 
follows:  Suppose,  in  Fig.  fi4,  that  A  is  an  alternator  gen- 
erating a  pressure  of  1,000  volts  and  that  we  wish  to  raise 
the  pressure  to  1,100  volts  on  the  line.  If  we  connect  a 
transformer  with  its  primary  wi)und  for  1,000  volts  across 
the  line  and  its  secondary  wound  for  100  volts  in  series  with 
the  line,  the  100  volts  pressure  of  the  secondary   will   be 


added  to  or  subtracted  from  that  of  the  alternator,  depend- 
ing on  which  terminals  of  the  primary  arc  cminecied  to 
the  mains.  We  will  supi>ns(;  that,  with  the  coniu-ctions  as 
:;h')wn,  the  pressure  is  added  and  the  voltage  raised  tn  1. 100 
i)n  the  line.  It  is  evident  that  if  the  terminals  c,  -f"  nf  the 
primary  were  reversed,  the  pressure  would  be  lowered  by 
100  volts.  This  simple  arrangement  would  allow  the  pres- 
sure to  be  varied  100  volts  either  way.  By  dividing  the 
secondary  coil  into  a  number  of  steps  and  providing  the 
primary  with  a  reversing  switeh,  it  is  easily  seen  that  this 
arrangement  gives  a  means  of  varying  the  hue  voltage  by 
steps  through  a  considerable  range.      The  Stillwell  regulator 
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is  made  on  this  plan.      Its  general  appearance  is  shown  ; 

Fig.  65,  and  Fig.  fiG  gives  a  diagram  of  connections.  P 
the  primary  of  the  transform) 
and  5  the  secondary  divid( 
into  a  numtier  K'i  sections  coi 
nccted  to  the  contacts  of 
switch  M,  as  shown.  A  revei 
ing  switch  f>  is  placed  in  sei 

I'  with  the  primary,  so  that  the 

pressure  may  be  either  raised  or 
lowered.     The  contact   arm  N 
is  split  into  two  parts  that  make 
contact  with  the  rings  x.  y  and 
a  choke  coil  r,  \.  e.,  a  coil  wound 
on  a  laminated  iron  core,  is  con- 
ntLted     between    these    rin| 
This  is  done  so  that 
'        contact   arm    is    passing    fn 
one   of   the   contact    points 
the    next,    it    will    not    shi 
circuit  a  section  of   the   trans- 
former, because  the  choke  coil 
F.  set  «p  in  it,  thus  preventing  any 
will  be 
M,  the 

secondary  i"  being  in  series  with  the  line  and  the  primary 
connected  across  the  dynamo    terminals.      In  Fig.  tin.  t 
regulating  switch  ia  seen  mounted  in  the  lop  of  the  cas 
together  with  ihc  regulating  and  reversing  handles. 

55.  A  number  of  regulators  are  in  use  in  which  the  v 
age  in  the  secondary  is  varied  by  changing  its  positia 
regard  to  the  primary,  instead  of  cutting  turns  in  c 
By  having;  the  secondary  coil  movable,  it  can  he  arrangt 
so  that  the  amount  of  magnetic  flux  passing  through  it  c 
be  varied,  thus  varying  also  the  amount  of  the  pressiU 
added  to  or  subtruttcd  from  the  line.  In  other  regulatoiJ 
both  the  primary  and  the  secondary  coils  are  fixed,  andfl 


.md 
:on-^H 
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has  a  counter   E.  M. 

rush  of  current.     Hy  tracing  out  the  c<mnections, 

seen  that  they  are  equivalent  to  those  shown  in  F 
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movable  core  arranged  so  that  the  magnetic  flux  passing 
through  the  secondary  can  be  made  to  vary.  Buth  these 
methcxls  afford  a  means  of  obtaining  regulation  by  more 


gradual  steps  than  can  be  obtained  with  the  Stilhvtll  regu- 
lator. Potential  regulators  are  usually  placed  ;it  SDnie 
point  convenient  to  the  switchtmard.  and  in  smiie  cases  the 
operating  handles  are  mounted  on  the  board  itself  and  are 
geared,  by  chains  and  sprocket  wheels,  to  the  regulator. 
/.    III.— 12 
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USE    OF    STORAGE    BATTERIES    IK   MGHTTN^G 

PliA^VrS. 

56.  Within  the  last  8  or  10  years,  the  use  of  storage 
batteries  in  connection  with  lighting  plants  has  steadily 
increased,  for  the  advantages  to  be  gained  from  its  use  are 
so  great  that  many  of  the  largest  stations  in  the  country 
are  now  equipped  with  them.  The  load  on  all  lighting 
plants  is  a  variable  one.  During  the  day  the  load  may  be 
very  light,  while  for  a  few  hours  in  the  evening  it  may  run 
up  to  a  large  amount.  As  this  period  of  maximum  load  is 
generally  of  not  more  than  2  or  3  hours'  duration,  it  is  evi- 
dent that  if  no  means  of  storing  electrical  energy  were  pro- 
vided, the  plant  would  have  to  be  equipped  so  as  to  handle 
this  maximum-current  supply.  The  result  would  be  that 
the  larger  portion  of  the  machinery  in  the  plant  would  be 
idle  for  the  greater  part  of  the  day,  and,  therefore,  would 
represent  so  much  investment  that  would  not  be  earning 
anything. 

57.  The  storage  battery,  as  an  auxiliary  in  a  lighting 
station,  may  be  used  in  a  number  of  different  ways: 

1.  It  may  bo  used  to  carry  tlie  **  peak"  of  the  load;  i.  e., 
it  may  be  used  to  help  out  the  dynamos  durinij;  the  interval 
when  the  load  is  heavy,  for  it  ran  be  charged  during  the 
daytime,  when  the  demand  on  the  dynamos  is  li^ht. 

2.  It  niav  be  used  to  carrv  the  whole  load  of  the  station 
durinj^  intervals  of  lig;ht  load,  thus  allowinj^  the  generating 
plant  to  l)e  shut  down  for  rejjuir  and  inspection. 

3.  Batteries  mav  be  installed  in  substations  in  districts 
where  a  large  amount  of  light  is  used.  These  batteries  may 
be  charged,  during  the  daytime,  from  the  central  station, 
when  the  load  on  the  main  feeders  is  light,  and  thus,  when 
the  heavy  load  comes  on  in  the  evening,  they  are  able  to 
relieve  the  main  feeders  by  taking  up  a  part  of  the  lighting 
service.  The  use  of  storage-battery  substations,  therefore, 
allows  many  more  lamps  to  be  supplied  without  the  neces- 
sity of  laying  more  feeders. 
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58.  The  above  are  the  main  uses  to  which  a  battery  may 
be  put,  but  there  are  many  other  incidental  advantages. 
For  example,  the  effect  of  a  battery  connected  across  the 
system  is  always  to  keep  the  voltage  steady.  By  prevent- 
ing fluctuations  in  voltage,  a  more  satisfactory  service  to 
the  consumer  is  secured  and  lamps  of  high  efficiency  may 
be  used.  Again,  the  electrical  energy  stored  in  a  battery  is 
instantly  available.  Throwing  a  switch  or  two  will  put  it 
into  service,  whereas  it  always  takes  more  or  less  time  to 
get  a  dynamo  and  engine  started,  especially  if  the  units  are 
very  large.  This  is  an  important  consideration,  especially  in 
large  plants,  because  it  provides  against  an  interruption  of 
the  service  in  case  of  a  breakdown.  Moreover,  in  large  city 
stations,  the  load  often  rises  very  rapidly ;  it  may  increase 
several  thousand  amperes  in  a  few  minutes,  due  to  a  sudden 
turning  on  of  lights  because  of  a  storm  coming  up,  and  it 
takes  time  to  start  the  large  generating  units,  even  if  they 
are  kept  turning  over  slowly  so  as  to  be  in  readiness. 

59.  Battery  Taking:  "  Peak  "  of  J^ad. — Fig.  (\7  shows 
the  load  curve  of  a  large  city  station  and  illustrates  how  a 
battery  may  be  used  to  relieve  the  generating  machinery  of 
the  |>eak  of  the  load.  Shortly  after  4  p.  m.  the  load  begins 
to  rise  rapidly  and  the  battery  is  thrown  into  service,  as 
indicated  by  the  double-shaded  area.  The  dynamos  do  not 
have  to  deliver  more  than  1:5,000  amperes,  although  the 
current  used  on  the  system  rises  to  about  "iOJyOO  amperes. 
If  the  battery  were  not  used,  it  is  evident  that  sufficient 
machinery  would  have  to  be  installed  to  handle  20,500 
amperes.  The  single-shaded  areas  represent  the  intervals 
when  the  battery  is  charging.  By  using  a  battery  in  this 
way,  a  station  can,  in  very  many  cases,  provide  for  an 
increased  output  without  installing  any  additional  dynamos, 
engines,  or  boilers,  and  at  the  same  time  it  can  work  the 
existing  machinery  to  the  best  advantage  at  or  near  its  full 
capacity.  Not  only  this,  but  the  battery  largely  avoids  the 
danger  of  overloads  on  the  machinery,  thus  reducing  the 
danger  of  breakdowns. 
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60.  Battery  Carrying:  Whole  Load  on  Station. — The 

curve,  Fig.  68,  shows  the  load  curve  for  the  same  station  as 
that  shown  in  Fig.  67.  This  curve  represents  the  load  on  a 
Sunday,  and  the  load  is  very  light  compared  with  that 
shown  in  Fig.  67,  because  this  station  supplies  a  business 
district.  It  is  seen  that  the  generating  plant  is  shut  down 
altogether  from  12.30  a.  m.  to  2  p.  m.,  thus  giving  an  oppor- 
tunity for  inspection  or  repair  and  allowing  the  station  to  be 
run  with  a  small  force  of  men.  When  the  generators  arc 
started  up  at  2  p.  m.,  the  batteries  are  charged,  as  shown  by 
the  single-shaded  area,  thus  allowing  the  generators  in  use 
to  be  run  at  more  nearly  their  capacity,  instead  of  on  a  light 
load  only. 

61.  Battery  Siipplyinfl:  Ciiri-ent  From   Substations. 

The  use  of  storage  batteries  in  this  connection  will  be  under- 
stood   by    referring   to    Fig.    09,    where   A    represents   the 
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A 


Fig.  m. 

central  station  and  C  one  of  the  sul)stati()ns.  The  three- 
wire  system  is  here  shown,  as  this  is  the  one  most  largely 
used  in  distribution  of  this  kind.  The  network  of  lamps  fed 
from  the  substation  C  is  represented  by  D.  Now  the  load 
of  lamps  represented  by  D  may  be  much  in  excess  of  what 
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could  be  supplied  by  the  feeders  B  without  causing  a  pro- 
hibitive drop.  If,  however,  a  battery  £  F  is  installed  at  C 
on  each  side  of  the  system,  it  may  be  charged  from  the 
central  station  during  the  daytime  and  thus  relieve  the 
feeders  at  night,  when  the  heavy  load  comes  on.  In  other 
words,  by  using  the  battery,  the  feeders  are  worked  at  a 
more  uniform  rate  throughout  the  day,  instead  of  being 
lightly  loaded  the  greater  part  of  the  time  and  heavily  taxed 
when  the  peak  of  the  load  comes  on.  The  use  of  the  battery 
in  substations  not  only  equalizes  the  load  on  the  dynamos, 
but  also  allows  the  maximum  amount  of  service  to  be 
obtained  from  the  feeders.  In  the  large  cities,  the  use  of 
storage-battery  auxiliary  stations  has  become  almost  a 
necessity  on  account  of  the  increasing  business.  They 
avoid  the. expense  of  additional  feeders  and  allow  the  addi- 
tion of  a  considerable  load  without  necessitating  the  instal- 
lation of  additional  machinery  in  the  main  station.  Usually, 
the  battery  is  connected  across  the  outside  lines,  though  a 
switch  should  be  provided,  as  shown,  so  that  the  middle 
point  of  the  battery  may  be  connected  to  the  neutral,  if 
desired.  A  battery  used  at  the  end  of  a  set  of  feeders  regu- 
lates automatically  and  requires  no  boosting  arrangement. 
When  the  load  is  light,  the  pressure  at  the  center  of  distri- 
bution is  high  and  the  battery  is  charged.  When  the  load 
is  heavy,  the  pressure  at  the  center  of  distribution  falls  off 
and  the  battery  discharges. 


BATTERY  EQUIPMENT  FOR  I^IGIITrNG  PI^ANTS. 

G2.  Capacity  Required. — The  capacity  of  the  battery 
that  should  be  installed  in  any  given  case  must  be  deter- 
mined wholly  by  local  conditions,  and  depends  very  largely 
on  the  nature  of  the  load  that  the  station  carries.  It  also 
depends  on  the  way  in  which  the  battery  is  to  be  used.  The 
only  intelligent  way  to  arrive  at  the  capacity  required  is  to 
lay  out  a  number  of  load  curves  for  the  station  in  question, 
similar    to   that    shown   in   Fig.    G7.     By   doing    this,  the 
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number  of  ampere-hours  that  the  battery  should  be  capable 
of  supplying  can  be  approximated.  In  many  cases,  when 
installing  plants  of  this  kind,  larger  battery  jars  or  tanks 
than  those  actually  needed  at  the  time  are  put  in.  The 
load  is  almost  always  sure  to  grow  and  the  battery  capacity 
may  then  be  increased  by  simply  adding  a  few  more  plates 
to  each  cell. 

63.  Type  of  Cell  "Used. — Storage  cells  designed  for  use 
in  central  stations  must  generally  be  of  large  size.  For 
medium-sized  cells,  glass  jars  are  used;  but  for  the  large 
types,  the  plates  are  mounted  in  strongly  built  wooden  tanks 
lined  with  sheet  lead  and  supported  on  glass  or  porcelain 
insulators.  The  chloride  cell  has  been  most  largely  used 
for  this  work  in  America.  The  plates  used  in  these  large 
cells  are  the  same  in  construction  as  those  described  for  the 
smaller  ones.  Fig.  70  gives  a  good  idea  as  to  the  appearance 
and  arrangement  of  some  of  the  largest  cells  in  use.  Each 
cell  here  contains  87  plates  15^^  in.  x  32  in.  The  lugs  /,  / 
on  the  plates  are  burned  on  to  the  channel -shaped  pieces  r, 
which  form  the  connections  between  the  cells;  ^/is  the  lead 
lining  and  ^,  e  are  glass  rods  f(^r  separating  the  plates ;  ;;/, ;/  are 
the  heavy  copper  conductors  leading  from  the  battery.  The 
space  occupied  by  a  battery  for  a  given  output  will  depend 
on  the  way  in  which  the  cells  are  arranged,  i.  e.,  whether  in 
one  or  two  tiers.  Generally,  however,  1,000  kilowatt-hours 
can  be  stored  per  100  square  yards  of  space.  The  number 
of  cells  required  in  an  installation  will  depend  on  the  volt- 
age to  be  supplied.  In  large  central  stations  operating  on 
the  three-wire  110-220-volt  system,  about  80  cells  are  used  on 
each  side  of  the  circuit,  though  the  exact  number  of  cells 
depends  considerably  on  the  range  of  voltage  required  to 
meet  special  conditions. 

64.  RefiTiilatlou  of  lUitterlos. — In  order  to  fully  charge 
the  cells,  it  is  necessary  to  have  a  voltage  somewhat  higher 
than  that  on  which  the  system  is  ordinarily  run.  Of  course, 
this  might  be  obtained  by  running  the  generators  at  a  high 
voltage,  but  in  most  cases  this  is  not  practicable,  because  the 
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machines  are  generally  used  to  supply  current  for  lighting 
at  the  same  time  that  they  are  charging  the  cells.  In  order, 
then,  to  raise  the  voltage  on  the  battery,  a  ** booster"  is 
used  when  charging*  is  going  on.  In  lighting  work,  the 
booster  is  not  generally  used  for  regulating  purposes,  but 
simply  to  add  enough  pressure  to  the  dynamos  to  enable 
them  to  charge  the  batteries.  In  railway  work,  where  the 
load  fluctuates  very  rapidly,  the  booster  is  so  constructed  as 
to  make  the  battery  discharge  when  the  load  is  heavy  and 
charge  up  when  it  is  light.  In  lighting  plants,  the  booster  is 
usually  shunt-wound  or  compound-wound  and  is  driven  by  a 
motor.  Fig.  71  shows  one  scheme  of  connections.  Only  the 
essential  parts  are  here  shown,  so  as  to  illustrate  the  principles 
involved  without  confusing  -the  diagram  with  the  various 
instruments  and  switches.  For  this  reason,  also,  a  simple 
two-wire  system  is  illustrated.  G  is  the  generator  supply- 
ing current  to  the  lamp  load  L,  A  is  the  battery  and  B  a 
number  of  cells  at  one  end,  from  which  connections  are 
brought  out  to  terminals  c,  A  sliding  contact  d  makes  con- 
nection between  contacts  c  and  the  bar  c\  so  that  by  sliding  d, 
the  number  of  effective  cells  and,  hence,  the  voltage  of  the 
battery  may  be  increased  or  decreased  as  desired.  This 
arrangement   is   known   as   an   end-coll  switch,   and  the 
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cells />  are  called  end  cells,  /'^is  a  single-pole  double-throw 
switch,  by  means  of  which  the  battery  may  be  connected 
across  G  in  series  with  the  booster  or  directly  across  the 
line.  In  the  figure,  the  switch  is  thrown  up,  as  indicated 
by  the  dotted  line,  and  the  battery  is  being  charged,  because 
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the  voltage  generated  in  the  booster  armature  is  added  to 
that  of  the  generator.  When  F  is  thrown  down,  the  battery 
A  discharges  into  the  line  and  the  voltage  may  be  regulated 
by  means  of  the  end-cell  switch. 

65.  In  lighting  installations,  the  necessary  reg^ation 
can  easily  be  effected  by  means  of  end-cell  switches,  because 
the  load  does  not  fluctuate  with  great  rapidity,  as  in  railway 
work.  In  most  large  plants,  two  end-cell  switches  are  pro- 
vided in  parallel,  as  indicated  in  Fig.  71,  the  second  switch 
being  shown  dotted.  This  allows  two  different  voltages  to 
be  taken  from  the  battery,  or  in  case  of  heavy  loads  the  two 
switches  may  be  operated  together  as  one  switch. 

66.  Since  the  end-cell  switches  must  carry  the  current 
output  of  the  battery,  they  must  be  substantially  constructed 
and  have  contacts  that  are  sufficiently  heavy  to  carry  the 
current  without  heating.  The  sliding  piece  d  generally  takes 
the  form  of  a  crosshead,  which  is  moved  by  a  screw  that  is 
driven  either  by  a  hand  wheel  or  by  a  small  electric  motor 
controlled  from  the  switchboard. 

67.  From  the  above  it  will  be  seen  that  the  storage  bat- 
tery may  be  made  a  very  valuable  auxiliary,  especially  in 
large  lighting  plants.  It  must  be  remembered,  however, 
that  such  batteries  are  expensive,  and  the  question  as  to 
whether  it  will  pay  to  put  them  in,  in  any  given  case,  is  a 
thing  that  must  be  looked  into  carefully.  In  large  city 
stations,  it  no  doubt  does  pay,  as  is  shown  by  the  large 
number  installed.  In  smaller  plants,  where  they  cannot 
receive  the  same  amount  of  skilled  attention  that  they  do  in 
the  larger  ones  and  where  the  load  handled  is  not,  at  best, 
very  large,  it  may  often  pay  better  to  install  a  larger  genera- 
ting capacity  than  to  use  a  battery. 
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ABC  LIGHTII^^G. 

1.  Introductory. — So  far  our  attention  has  been  con- 
fined to  electric  lighting  by  means  of  incandescent  lamps, 
the  methods  of  distributing  the  current,  and  the  appliances 
used.  We  will  now  take  up  the  subject  of  arc  ligrhtlng: 
and  consider  the  special  methods  used  in  connection  with  it. 
The  arc  light,  as  before  mentioned,  was  first  exhibited  in 
public  on  a  large  scale  by  Sir  Humphry  Davy,  who  used  a 
large  voltaic  battery  for  supplying  the  current.  After  the 
dynamo  had  been  invented  and  the  cost  of  generating  elec- 
tricity thereby  greatly  reduced,  the  arc  light  came  into 
use  commercially.  At  first  it  was  used  mostly  in  light- 
houses, but  it  was  not  long  before  it  was  used  for  street 
lighting,  and  it  is  now  more  generally  used  for  such  purposes 
than  any  other  form  of  illuminant. 
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OPEX  ARCS. 

2.  Greneral  Features. — If  two  carbon  rods  attached  to 
the  terminals  of  a  dynamo,  as  shown  in  Fig.  1,  arc  first 
touched  together  and  then  drawn  apart  a  short  distance, 
say  about  ^  inch,  the  current  will  continue  to  flow  be- 
tween the  points  and  the  carbons  will  become  heated  to  an 
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where  very  little  oxygen  is  present 
be  used  because  of  the  smutl  Irmv- 
shaped  or  arc-shaped  flame  that 
may  be  seen  playing  between  the 
carbon  points.  This  flame  is  the 
arc  proper  and  consists  of  incan- 
descent carbon  vapfir  that  con- 
ducts the  current  across  from 
point  to  point.  This  flame,  or 
arc,  of  carbon  vapor  acts  in  the 
same  way  as  a  wire  carrying  a 
current.  If  a  magnet  is  brought 
near  it.  the  arc  will  be  forced  over 
to  one  side,  and  if  the  magnet  is 
strong  enough,  the  arc  will  be 
stretched  out  until  it  is  broken. 
Also,  the  arc  itself,  under  ordinary 
Vforking  conditions,  will  be  sur- 
rounded by  a  magnetic  field,  and 
it  is,  no  doubt,  this  field  that 
causes  the  arc  to  assume  the  bnw 
shape.     The  flame  keeps  shifti 


carbons  burn  away. 


1^). 


4.  Direction  of  Current. — The  shape 
of  the  carbon  points  depends  on  the  direc- 
tion in  which  the  current  flows.  In  Fig.  1, 
the  top  carbon  is  supposed  to  be  the 
positive  one,  so  that  the  current  flows 
from  the  top  to  the  bottom,  as  is  nearly 
always  the  case  in  practice.  Fig.  3  shows 
a  section  of  the  carbons,  and  it  will  be 
noticed  that  the  upper  or  positive  one  be- 
comes hollowed  out  slightly,  as  shown  at  a, 
while  the  lower  one  becomes  pointed.  The 
hollow  a  is  known  as  the  emter,  and  is 
the  seat  of  the  greater  part  of  the  light 
given  out  by  the  arc.     When  the  arc  is  in 
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fcrri'ci  SHnxnes  Tt>Sati&aed  at  the  crater,  and 
Lr«:c  ':c  ckrt!«:ci  o:ixd:xc^  ihe  cnrrcnt  to  the  iiegatiTC  car- 
bide Aiiib:^cz^  i2iie  resiperarsrc  oc  xbe  tutgatiTc  cartxm  is 
hi^b^  h  »  3^:c  niearrr  s>>  bi^  as  that  of  the  Tapor  and, 
hczDCft^  ihe  uirrer  5s  o^cmfes^ed  oa  tbe  ncgatiic  tip  forming 
the  ^I'izz  'jC  e-Irse  *:»  rltr«>w^  of.  Onlr  a  portioa  of  the  vapor 
is  s*>  ooieEseii :  parr  oc  ii  oMnbtnes  with  the  oxjgen  of  the 
saiTijandin^  air  az«i  the  baroing  carbon  monoxide  mav  be 
seen  ssm>cn%iiii^  rhe  arc  as  an  envelope  of  bluish  flame, 
similar  c<>  ihac  which,  appears  over  the  cool  in  an  ordinary 
oiol  st'jve.  The  pijesitive  carbon  wastes  awav  approxi- 
matelj  twice  as  fast  as  the  negatire,  as  it  is  maintained  at 
a  mach  higher  temperature. 


5.    TempeTmfnre  oT  the  Jlx^. — The  temperature  of  the 

electric  arc  is  the  highest  that  has  yet  been  produced  by 
arti&cial  means.  Its  exact  temperature  b  difficult  to  deter- 
mine, but  it  is  estimated  to  be  ab>>ut  3.5*)i>'  C.  Some  idea  as 
to  what  this  means  may  be  obtained  when  it  is  known  that 
a  temperature  between  !,?•»'  and  l.S«)0'  C.  is  sufficient  to 
mr'.i  :  latir.-jrri,  the  m-  >:  ditHcuIt  of  all  the  metals  to  melt. 
Th^  hf^rh  tcn^rt^rature  -f  the  arc  has  been  made  use  of  in 

•  r.r.— ::•  n   wiih  vj.r:   v.>   kir.Js  •  f   t-Icc:r:c    furnaces.     The 

♦  CiT- •  r.  ::\  :hr:  «  rjiirr  :<  wir"  rizr-i:  hc:n»e.  the  temperature 
a::;i::-.' -i  rr.v.-it  :■'.-  that  ■  :  the  t'ilir.L:  i-'ir-t  t»f  carlH>n.  An 
Ir.i  r*iL^*r  :r.  th-  t  urrcr.t  ♦.!«<•>  n.t  ::u  rcase  the  tempt.'rature 
ar.y,  h::t  it  ■!  •">  in-  reasc  the  size  ••:  the  cratt-r  and,  hence, 
tiir  t'.tal  am- -lint  *.*(  Ii-.;rht  j^iven  «'iit.  If  very  p<^werful 
lamps  ar»:  n:<}iiire«l.  lari^e  carl>»ns  and  heavy  currents  are 
us^'I.  >'/  as  t'*  j^et  a  large  crater.  This  is  done  in  lamps 
us*:d  fr,r  sean.hlights.  For  ordinary  commercial  street  light- 
in  j(,  thf:  rarlxms  are  usually  about  A  inch  in  diameter, 
though  sometimes  larjjrer  carbons  are  used  to  make  the 
]am[>s  burn  lonj^er. 

O.  VolinKi'^  of  the  Arc. — If  the  voltage  across  the  ter- 
ini rials  of  an  ordinary  open-arc  lamp  is  measured,  it  will  be 
foufjd  that  it  usually  lies  between  40  and  50  volts,  depending 
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OQ  the  length  of  the  arc ;  45  volts  may  be  taken  as  a  fair 
average.  This  total  voltage  may  be  looked  upon  as  made  up 
of  three  parts:  (a)  That  necessary  to  overcome  the  resist- 
ance of  the  carbons  and  the  parts  of  the  lamp  mechanism 
through  which  the  current  has  to  flow ;  {/?)  that  necessary 
to  overcome  the  resistance  of  the  carbon  vapor  between  the 
electrodes;  (c)  that  which  multiplied  by  the  current  repre- 
sents the  energy  necessary  to  volatilize  the  carbon. 

The  E.  M.  F.  necessary  to  overcome  the  resistance  of 
the  carbons  and  lamp  mechanism  is  not  very  large;  in 
most  lamps  it  will  not  be  more  than  5  or  0  volts,  of 
which  3  to  3.5  may  represent  the  drop  in  the  carbons 
and  the  balance  is  in  the  mechanism  and  various  contact 
resistances. 

The  E.  M.  F.  necessary  to  overcome  the  resistance  of  the 
arc  proper  is  also  small,  but  depends  to  a  certain  extent  on 
the  length  of  the  arc.  In  most  cases  it  will  not  be  more 
than  5  or  6  volts. 

Since  the  voltage  across  the  lamp  is,  say,  45  volts  and  the 
combined  drop  due  to  the  resistance  of  the  carbons,  lamp 
mechanism,  and  arc  proper  is,  approximately,  10  volts,  it 
follows  that  the  balance  (about  35  volts)  multi])lied  by  the 
current  represents  the  number  of  watts  expended  in  bring- 
ing the  carbon  up  to  the  boiling  point  and  causing  it  to 
volatilize.  This  voltage  is  often  sj)oken  of  as  the  counter 
E.  M.  F.  of  the  arc,  but  this  term  is  not  so  commonly  used 
as  it  once  was.  It  is  evident  that  cjuite  a  large  amount  of 
energy  must  be  expended  to  bring  the  carbon  up  to  the 
boiling  point,  and  it  is  now  generally  admitted  that  the 
large  balance  of  voltage  required  over  and  above  that 
necessary  to  overcome  the  various  resistances  is  a  conse- 
quence of  the  power  necessary  to  volatilize  the  carbon. 
The  above  values  of  the  voltage  are  fair  average  values  foi 
open-arc  lamps  operated  with  direct  current,  but  they  may 
vary  somewhat  with  different  makes  of  lamp.  The  actual 
voltage  across  the  arc  is  continually  varying  when  the  lamp 
is  in  operation,  but  in  a  well-adjusted  lamp  it  should  not 
vary  through  wide  limits. 
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7.  Current.  —  Ordinary  direct-current  open-arc  lamps 
are  usually  operated  with  current  ranging  from  6  to  10  am- 
peres. Very  common  values  for  the  cur- 
rent are  6.6  amperes  for  lamps  giving  1,200 
nominal  candlepower  and  9.6  amperes  for 
those  giving  2,000  nominal  candlepower. 
The  exact  value  of  the  current  is  different 
in  lamps  of  various  makes,  but  whatever  it 
may  be,  it  is  essential  that  it  be  maintained 
at  a  constant  value  if  the  lamps  are  to  work 
properly.  If  the  current  becomes  larger 
than  that  for  which  the  lamps  are  designed, 
they  will  overheat  and  the  carbons  will 
flame  badly  and  the  service  will  be  generally 
unsatisfactory.  Open-arc  lamps  may  also 
be  operated  with  alternating  current,  but 
they  are  not  as  satisfactory  as  those  using 
direct  current  either  as  regards  light-giving  properties  or 
general  performance.  In  the  case  of  the  open  alternating- 
current  af  c,  both  carbons  become  pointed  or  have  very  small 
craters,  so  that  the  light  is  thrown  upwards  much  more 
than  with  the  direct-current  lamp.  Also,  since  the  current 
flows  alternately  in  opposite  directions,  the  rate  of  con- 
sumption of  the  two  carbons  is  more  nearly  equal.  Fig.  4 
shows  the  jifcneral  form  of  the  carbons  with  an  open  alter- 
nating-current arc. 


Fig.  4. 


KXCI.OSED  ARCS. 

8.  General  Description. — So  far  all  that  has  been  said 
with  regard  to  the  electric  arc  relates  to  arcs  set  up  between 
carbon  points  placed  in  the  open  air.  Within  a  compara- 
tively recent  date,  enclosed  arcs  have  been  coming  into 
extensive  use,  and  bid  fair  to  take  the  place  of  the  open  arc 
altogether.  The  enclosed  arc  differs  from  the  ordinary  open 
arc  in  that  it  is  surrounded  by  a  small  globe  that  practically 
excludes  the  air.  Fig.  5  shows  the  general  arrangement  of 
the  carbons  and  the  enclosing  globe.     G  is  a  glass  bulb  from 


M8 


ELECTRIC   LIGHTING. 


5  to  6  inches  long  and  about  3  inches  in  diameter,  provided 

with  an  opening  at  each  end.     The  lower  end  is  held  by 

a  holder  C  and  the  lower  edge  E  of  the  globe  is  ground 

so  that  but  little  air  can  get 

in  at  the  bottom.     In  some 

makes  of  lamps  an  asbestos 

washer  is  used  between  the 

lower  edge  of  the  globe  and 

the  holder,  to  make  a  tight 

joint     and     distribute     the 

strains   on   the  glass.     The 

lower  carbon  B  is   clamped 

in   the   holder  C.     The   top 

of  the  bulb  is  ground  smooth 

and   supports  a  gas  cap  1' 

with   a   hole   in   the  center, 

through  which  the   positive 

carbon  passes.     This  plate  is 

not  fastened  to  the  bulb,  but 

is  free  to  move  about  a  little, 

and  the  hole  in  the  center  is 

just  large  enough   to  allow 

the  positive  carbon  to  move 

up  and   down  freely.     It  is 

necessary  to  have  the   plate 

itself  free  to  move,  in  order 

to  get   the   carbons   in   line 

and  prevent  binding  due  li> 

any  slight  irregularity  in  the 

carbon.     Since    the   top    of  ''"'■  *- 

the  glass  and   the   lower  surface   of   the  plate  are  ground 

plane,  little  air  can  get  in  between  them,  and  the  only  place 

where  much  air  can  enter  the  bulb  is  ;it  the  hole  in  the 

center  of  the  top  plate,   through  the  small  space  between 

the  carbon  and  the  plate  itself. 

In  the  plate  shown  in   the   figure,    there  is   an   annular 
groove  a  around  the  carbon.     This  loaves  less  surface  for 
the    carbon  to  rub   against  and   affords  a  space  in  which 
/.   m.—iz 
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eddies  are  formed  by  the  hot  air  passing  up,  thus  further 
tending  to  keep  out  the  cold  air. 

The  above  is  intended  merely  to  illustrate  the  general 
arrangement  of  the  enclosed  arc.  The  methods  of  holding 
the  globe  and  the  arrangement  of  the  lower  carbon  holder 
differ  in  the  various  makes  of  lamp.  A  number  of  different 
styles  of  gas  cap  P  are  also  in  use,  and  the  satisfactory 
operation  of  the  lamp  depends  to  a  considerable  extent  on  the 
design  of  this  part. 

9.  As  soon  as  the  carbons  are  drairn  apart  an  arc  is 
formed,  as  in  the  ordinary  lamp,  but  the  oxygen  in  the  globe 
is  soon  burned  out  and  the  gases  present  become  rarefied, 
because  the  heat  of  the  arc  causes  them  to  expand  and  pass 
out.  The  globe  is  not  air-tight  and  there  is  always  a  small 
amount  of  oxygen  present.  This,  however,  is  not  enough 
to  cause  anything  like  the  rapid  combustion  that  takes  place 
in  the  case  of  the  open  arc.  The  arc  practically  bums  in 
a  hot  atmosphere  of  nitrogen,  carbon  monoxide,  carbon 
dioxide,  and  a  small  amount  of  oxygen.  This  latter  is  just 
about  sufficient  to  combine  with  what  carbon  is  thrown  off 
and  prevent  its  being  deposited  on  the  glass.  If  a  lamp  is 
in  good  condition,  it  will  burn  anywhere  from  80  to  150  hours, 
depending  on  the  design,  without  renewing  the  carbons. 
The  bulb  in  time  becomes  coated  with  a  light-colored 
deposit,  s(Mnetimes  mixed  with  a  little  carbon,  which  comes 
principally  from  impurities,  such  as  silicon.  This  deposit 
does  not  cut  off  the  light  to  any  great  extent  if  it  is  not 
allowed  to  become  too  thick.  If  the  current  passed  through 
the  lamp  is  excessive,  the  globes  will  become  blackened  or 
even  melted.  It  is  not  usually  advisable  to  burn  these  lamps 
more  than  120  hours,  as  the  deposit  becomes  so  thick  as  to 
cut  off  a  considerable  amount  of  light. 

10.  Consumption  of  Carbons. — One  of  the  most 
striking  features  of  the  enclosed-arc  lamp  is  the  slow  con- 
sumption of  the  carbons.  This  is,  of  course,  due  to  the 
absence  of  oxygen  in  the  enclosing  chamber.  With  the  ordi- 
nary open  arc  the  positive  carbon  is  burned  at  the  rate  of 
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about  H  inches  per  hour,  while  in  an  enclosed-arc  lamp  the 
consumption  varies  from  .07  to  .08  inch  per  hour.  Enclosed- 
arc  lamps  may,  therefore,  be  made  to  burn  a  long  time  with- 
out trimming;  some  have  even  been  made  to  burn  as  long 
as  200  hours.  This  is  one  of  the  features  that  has  led  to 
the  extensive  introduction  of  this  type  of  lamp.  As  in  the 
open  arc,  the  negative  carbon  of  the  direct-current  enclosed 
arc  burns  about  half  as  fast  as  the  positive  carbon;  with 
alternating  current,  the  consumption  is  more  nearly  equal. 

11.  Voltage  and  Current. — If  the  carbons  of  an  open 
arc  be  pulled  apart  a  distance  more  than  enough  to  give 
from  40  to  45  volts  across  the  arc,  they  will  flame  badly.  On 
the  other  hand,  the  enclosed-arc  lamp  is  operated  with  a 
long  arc,  about  |  inch,  and  it  burns  quietly.  If  a  short  arc 
is  used  in  the  enclosed  arc,  it  is  found  that  soot  or  carbon  is 
deposited  to  such  an  extent  that  the  lamp  becomes  useless; 
long  arcs  are,  therefore,  essential  in  these  lamps.  This 
allows  them  to  be  operated  at  a  high  voltage,  and  many 
of  them  take  from  70  to  80  volts  across  the  arc.  They 
usually  operate  with  a  smaller  current  than  the  open-arc 
lamps,  some  of  them  taking  as  low  as  2^  to  3  amperes.  The 
advantage  of  using  a  high  voltage  and  small  current  will  be 
seen  when  we  come  to  consider  the  operation  of  lamps  in 
parallel  on  constant-potential  circuits.  Enclosed-arc  lamps 
have  also  been  built  to  operate  on  22()-volt  circuits.  Such 
lamps  burn  with  a  very  long  arc  and  are  not  quite  as  efiicient 
as  the  ordinary  110- volt  lamp,  to  which  the  above  figures 
refer. 

12.  Character  of  Enelosod  Arc. — Fig.  (I  gives  a  general 
idea  of  the  appearance  of  a  direct-current  enclosed  arc. 
The  student  should  compare  this  with  Fig.  2.  In  the 
enclosed  arc  the  carbons  are  separated  by  a  wide  gap,  but 
the  principal  difference  is  that  they  do  not  take  on  the 
pointed  shape.  The  ends  of  the  carbons  remain  nearly  flat 
and  the  arc  keeps  continually  shifting  around  over  the  ends. 
The  flat  shape  of  the  ends  is,  no  doubt,  due  largely  to  this 
tendency  of  the  arc  to  shift  around.     The  light  given  out  is 
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there   can    l)e 
enclosed  arc. 


soft  and  tinged  with  violet  rays,  having  much  less  of  thj 
dazzling  appearance  so  well  known  in  connection 
the  ordinary  arc.  In  the  alternating-current  enclosed  arcj 
the  lower  and  upper  carbons  are  of  aboud 
the  same  temperature  and  the  light  i 
thrown  up  more  than  with  the  direct-cur- 
rent arc.  The  carbons  have,  howevcrfl 
ihe  flat-ended  appearance  and  the 
shifts  around  even  more  than  that  of  ihi 
direct-current  enclosed  arc 

13.    Open  Versus  Cloee<l  Apcs.- 
has  been,  and  still  is.  a  great  deal  of  dis^ 
Russian  as  to  the   relative   advantages  c 
open    and    enclosed    arcs,    especially 
street  lighting.     For  interior  illuminationj 
little   question   as  to  the  superiority  of  t 
The  light  is  very  much  softer  and  steadied 
and,  in  addition,  the  fire  risk  is  less,  because  a  large  outei 
globe  is  usually  provided  in  addition  to  the  small  enclosing 
globe.     For  street  lighting,  their  advantages  have  not  beei 
quite  so  pronounced.     Open-arc  lamps  have  now  been  i 
for  so  many  years  for  this  work  and  have,  on  the  whole 
given  such  good  satisfaction  that   they  are   not  so  easild 
replaced  as  in  the  case  of  interior  lighting.     At  the  sani 
time,  it  is  no  doubt  true  that  enclosed-arc  lamps  are  oust 
ing  the  older  style  open-arc  lamps  even  for  street -light  in] 
work,  and  it  is  claimed  that  a  considerable  saving  is  effected 
by  the  change,  principally  because  the  cost  of  trimming  a 
the  cost  of  carbons  is  less.     Of  course,  there  is  the  renew 
of  broken  inner  globes  in  the  case  of  the  enclosed  lamp,  aii| 
also  the  additional  work  of  keeping  these  globes  clean,  bi^ 
even  taking  these  items  into  account,  the  advocates  of  t 
enclosed-arc  lamp  for  street  lighting  claim  that  a  saving  ^ 
»8  to  tlO   per  year  per  lamp  can  be  effected. 

Wherever  lamps  must  be  operated  by  alternating  currenfl 
the  enclosed-arc  lamp  is  extensively  used  and  practical! 
has  the   Held  to    itself.     The   alternating-current    o 
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lamp  never  proved  a  decided  success.  It  usually  made  a 
loud  humming  noise  and  could  not  compete  well  with  the 
direct-current  arc  lamp  as  an  illuminant.  The  alternating- 
current  enclosed-arc  lamp  has,  however,  been  brought  to 
such  a  state  that  it  gives  satisfactory  service.  The  mecha- 
nism has  been  designed  so  that  little  noise  is  possible,  and 
the  enclosing  of  the  arc  prevents  the  humming  of  the  arc 
itself  from  being  loud  enough  to  be  objectionable.  While, 
however,  the  alternating-current  enclosed-arc  lamp  is  much 
superior  to  the  alternating-current  open-arc  lamp,  it  can 
hardly  be  said  that  it  is  capable  of  giving  as  good  all-around 
service  as  the  direct-current  enclosed-arc  lamp.  No  doubt, 
still  further  improvements  will  be  made  that  will  put  it 
more  nearly  on  a  level  with  its  direct-current  rival. 


ARC-T^IGHT  CARBONS. 

14.  Arraniareinent  of  Carbons.  —  In  nearly  all  the 
lamps  used  for  ordinary  purposes,  the  carbons  are  arranged 
vertically,  one  above  the  other,  as  shown  in  Fig.  2.  When 
arranged  in  this  way,  the  top  carbon  should  always  be  the 
positive  one  when  direct  current  is  used,  otherwise  the 
crater  will  be  formed  in  the  bottom  carbon  and  most  of 
the  light  will  be  thrown  up  instead  of  down.  When  lamps 
are  first  connected  up,  they  should  be  allowed  to  burn  for 
a  short  time,  and  if  the  crater  makes  its  appearance  in  the 
bottom  carbon,  the  connections  to  the  lamp  terminals  should 
be  reversed.  Of  course,  with  alternating  current  it  makes 
no  difference  how  the  lamp  is  connected  in  circuit,  as  the 
current  is  continually  reversing  anyway  and  both  carbons 
burn  alike.  It  is  an  easy  matter  to  tell  when  a  direct-cur- 
rent lamp  is  correctly  connected.  Allow  the  lamp  to  burn 
for  a  short  time,  then  switch  it  off  and  see  which  carbon 
remains  bright  the  longer.  The  positive  carbon  is  much 
hotter  than  the  negative,  hence  the  negative  carbon  is  the 
one  that  becomes  dull  first. 
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15,    For  use  in  stereopticons  and  other  projection  appa- 
ratus, the  carbons  are  often  inclined  at  an  angle,  as  shown 

in  Fig.  7.  The  object 
in  doing  this  is  to  allow 
more  of  the  light  from 
the  crater  to  reach  the 
lenses.  In  searchlights 
a  similar  arrangement 
is  used,  only  the  car- 
bons are  often  slanted 
the  other  way  and  the 
light  is  reflected  from 
a  parabolic  reflector  or  Mangin  mirror,  as  shown  in  Fig.  8, 
which  shows  the  arc  placed  at  the  focus  of  a  parabolic  re- 
flector M.  The  rays 
of  light  upon  striking 
the  mirror  are  reflected 
out  parallel  to  each 
other,  and  as  they  are 
thus  kept  bunched  to- 
gether the  light  may 
be  made  to  penetrate 
lon^  distances.  A 
small  concave  reflect- 
or is  usually  placed,  as 
shoAvn  at  r,  to  throw  the  rays  of  the  arc  that  would  ordi- 
narily pass  outwards  back  towards  the  main  reflector. 
A   parabolic   ground-glass  silvered   mirror  is  used  in  the 

United  States  Navy^  but  for 

ordinary    commercial    work 

il  the  Mangin  mirror  is  used,  as 

^  it  is   cheaper  and   easier   to 

make.  It  is  a  glass  mirror 
having  two  spherical  sur- 
faces y/,  /)  of  different  radii, 
as  shown  in  Fig.  9.  The 
back  surface  A  is  silvered 
Fio.9.  and   the   rays   are    reflected 


Fig.  8. 
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from  it.  As  the  glass  is  thicker  near  the  edges  than 
it  is  in  the  middle,  the  rays  are  there  bent  or  refracted 
more  than  they  are  at  th^  center,  and  by  making  the  mirror 
of  the  proper  dimensions  it  can  be  made  to  reflect  the  rays 
in  a  horizontal  direction  and  give  practically  the  same  effect 
as  the  parabolic  mirror. 

Fig.  10  shows  another  arrangement  of  carbons  that  is 
used  in  searchlights.  In  this  case  the  positive  carbon  is 
larger  than  the  negative, 
and  both  carbons  are  ar- 
ranged horizontally.  The 
crater,  therefore,  points 
directly  at  the  mirror. 
This  is  the  arrangement 
now  most  extensively  used 
in  America  both  for  naval 
and  commercial  work.  ^'°-  ^^• 

In  all  cases  where  arc  lamps  are  used  in  connection  with 
mirrors  or  lenses  for  projection  work,  it  is  essential  that  the 
arc  be  kept  in  the  focus  of  the  mirror  or  lens.  The  lamps 
must,  therefore,  be  arranged  to  move  the  carbons  towards 
each  other  as  they  are  consumed,  and  they  must  do  this  in 
such  a  way  that  the  position  of  the  arc  will  not  change.  A 
lamp  that  does  this  is  known  as  a  focusing:  lamp.  For 
ordinary  lighting,  it  is  not  essential  that  the  arc  be  kept  in 
one  place,  so  that  the  lower  carbon  is  nearly  always  fixed 
and  the  arc  maintained  by  allowing  the  upper  one  to  move 
downwards  as  the  carbon  is  consumed. 

Fig.  11  shows  a  rather  peculiar  arrangement  that  is  used 
for   stereopticon   lamps.      Here    the  carbons   are  arranged 

at  right  angles  to  each 
other.  The  lamp  mech- 
anism moves  /)  out  in 
a  horizontal  direction, 
and  C  upwards  as  they 
Fig.  11.  burn    away,  so  that  the 

arc  is  always  maintained  in  the  same  position  at  a.  The 
position  of  C  keeps  it  from  interfering  with  the  lens  /,  and 
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Cored  carbons  are  used  more  particularly  with  alternating- 
current  lamps,  as  the  plain  carbons  usually  give  satisfac- 
tory service  with  direct  current.  Searchlights  are  almost 
wholly  operated  by  direct  current  and  the  positive  carbon  is 
generally  cored,  as  it  is  important  to  keep  the  arc  in  one 
place  as  much  as  possible. 

Whatever  kind  of  carbons  may  be  used,  it  is  essential  that 
they  be  as  pure  and  as  uniform  in  quality  as  possible.  If 
many  impurities  are  present,  they  may  interfere  seriously 
with  the  quality  of  the  light.  Of  course,  impurities  are 
especially  bad  in  the  case  of  the  enclosed  arc  on  account  of 
the  deposit  caused  on  the  inner  globe,  but  even  in  the  open 
arc  they  are  objectionable  because  they  volatilize  at  a  much 
lower  temperature  than  the  carbon  and  thus  tend  to  lower 
the  temperature  and  light-giving  properties  of  the  arc. 
Hard  spots  in  the  carbons  will  cause  uneven  burning  and 
carbons  that  are  too  soft  are  apt  to  flame  badly.  Hard 
spots  will  also  give  rise  to  hissing. 

Carbons  used  for  open-arc  lamps  are  usually  electroplated 
with  a  thin  coating  of  copper.  This  increases  their  conduc- 
tivity and  makes  them  burn  more  uniformly  and  last  longer. 


PIIOTOMETRY    OF    THE  ARC  liAMP. 


LIGHT  DISTRIBUTION. 

18.  The  light  given  out  by  an  incandesceiiit  lamp  is 
fairly  uniform  in  all  directions,  assuming,  of  course,  that 
the  lamp  has  no  shade  on  it.  On  the  other  hand,  the  light 
given  out  by  an  arc  lamp  with  a  clear  globe  varies  greatly 
in  different  directions.  Since  the  manner  in  which  an  arc 
lamp  distributes  its  light  is  of  the  greatest  importance,  it 
will  be  well  to  examine  the  peculiarities  of  some  of  the  more 
important  types.  It  Avill  not  be  necessary  here  to  go  into 
the  methods  of  measuring  the  light  intensity.  It  is  usually 
done  by  means  of  a  Bunsen  or  similar  photometer,  with  the 
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arc  lamp  so  arranged  that  its  candlepower  may  be  meas- 
ured in  any  direction. 

10.  Before  going  into  the  subject  of  light  distribution, 
a  few  points  with  regard  to  globes  may  not  be  out  of  order. 
Ordinary  open-arc  lamps  used  for  street  lighting  are  gener- 
ally provided  with  clear  globes.  A  clear  globe  will  cut  off 
from  6  to  10  per  cent,  of  the  light,  and  if  it  is  dirty  it  will 
cut  off  more.  Sometimes  opal  globes  are  used,  especially 
if  the  lamp  is  used  for  interior  work.  An  opal  globe  softens 
the  light  and  does  away  with  the  sharp  shadows  that  are 
always  present  with  a  clear  globe.  In  other  words,  an  opal 
globe  alters  the  distribution  of  the  light  considerably  and 
avoids  the  deep  shadows  underneath  the  lamp.  At  the 
same  time,  a  globe  of  this  kind  cuts  off  from  30  to  40  per  cent, 
of  the  light ;  in  fact,  if  the  globe  is  very  milky  it  may  easily 
cut  off  50  or  GO  per  cent.  In  the  case  of  the  enclosed-arc 
lamp  we  have,  in  addition  to  the  outer  globe,  the  inner 
globe,  and  hence  the  amount  of  light  cut  off  is  somewhat 
increased.  Reflectors  are  used  much  more  largely  with  the 
alternating-current  arc  lamp  than  with  the  open  arc,  because 
the  former  tends  to  throw  its  light  to  a  greater  extent 
above  the  horizontal,  and  by  using  the  reflector  this  light 
can  be  thrown  downwards  and  utilized. 

20,  Open- Arc  Dln'ct-Curn'nt  Ijnin]>$. — The  distribu- 
tion of  lij^ht  from  an  ordinary  open -arc  lamp  is  about  as 
shown  in  Fig.  13.  This  represents  the  variation  in  the 
intensity  of  the  lijij^ht  at  different  angles  above  and  below 
the  horizontal  line  passing  through  the  arc  that  is  located 
at  11.  The  distance  from  a,  measured  along  the  radius  at 
any  given  angle,  is  j)roportional  to  the  candlepower  of  the 
lamp  when  viewed  from  that  position.  For  example,  the 
light  reaches  its  greatest  intensity  at  a  point  about  45°  below 
the  horizontal  and  then  rapidly  diminishes  on  both  sides  of 
this  j)oint.  Directly  above  or  below  the  arc  there  is,  of 
course,  little  or  no  light,  as  the  arc  is  obscured  by  the  frame 
of  the  lamp  and   the  carbons  themselves.      The  open  arc 
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throws  out  comparatively  little  light  in  the  horizontal  direc- 
tion, and  the  quantity  of  light  thrown  upwards  is  small. 
It  is  thus  seen  that  the  plain  open-arc  lamp  using  a  direct 
current  as  it  stands,  without  any  reflector  and  with  simply 
a  clear-glass  globe,  gives  a  good  distribution  of  light  for 
street  lighting  because,  on  account  of  the  formation  of  the 
crater  in  the  upper  carbon,  it  throws  the  bulk  of  its  light 


downwards  at  an  angle  of  about  45",  where  it  is  most  needed. 

This  is  one  of  the  reasons  why  the  direct-current  open-arc 
lamp  has  proved  so  successful  for  street  lighting.  If  the 
deep  shadows  directly  under  the  lamp  are  objectionable, 
they  may  be  softened  by  using  a  clear  globe  with  the  lower 
half  ground. 

31,     Open-Arc    Al to rnntliijr- Current    Ijiinps.  —  The 

distribution  from  an  alternating-current  open-arc  lamp  is 
not  of  much  practical  importance  because  these  lamps  are 
now  seldom  used.  It  is,  however,  instructive  to  cnmpare  it 
with  Fig.  i:t.  Fig.  14  shows  the  general  distribution  from 
an  alternating-current  <)pcn  arc,  as  determined  by  Uppen- 
born.     It  will  be  noticed  that  a  great  deal  of  the  light  is 
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thrown  above  the  horizontal.     This  is  because  the  two 

carbon  points  are  alternatively  positive  and  negfative,  so 
that  both  become  heated 
to  nearly  an  equal  amount. 
Such  a  lamp,  to  be  effec- 
tive for  street  lighting, 
should  be  provided  with  a 
reflector  to  throw  the  light 
down  where  it  is  wanted. 
The  curves  shown  in 
Figs.  13  and  11  represent 
average  distributions.  It 
must  be  remembered  that 
the  arc  always  shifts 
around  more  or  less,  and 
hence  the  shape  of  the 
distribution  is  constantly 
changing  and  makes  the 
measurement  of  the  light 
given  out  in  the  various 
directions  an  exceeding- 
ly difficult  matter.  -The 
curves  will,  however,  en- 
able the  student  to  note 
the  marked  difference  in 
the   light    distribution   of 

the    alternating-current   i>pen   arc   as   compared   with    the 

direct-current  open  arc. 


32,     Enelos<Ml-Arc     Direct-Current    lininps.  —  There 

has  been  a  great  deal  of  discussion  regarding  the  light- 
giving  projiertics  and  efficiency  of  the  enclosed  arc  as 
compared  with  the  open  arc.  The  data  here  given  is 
abstracted  from  a  report  ()f  a  committee  ctf  the  National 
Electric  Light  Association  on  tests  made  by  Prof,  C.  P. 
Matthew.s,  and  is  probably  as  unbiased  as  any  obtainable. 
Fig.  15  shows  the  average  of  curves  from  direct-cur- 
rent llO-volt  cnclosed-arc  lamps  used  on  constant-potential 
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circuits.  Curve  A  shows  the  distribution  when  the  lamp  is 
provided  with  an  opalescent  inner  globe  only;  there  is  no 
larger  outer  globe.  The  student  should  compare  this  curve 
with  that  shown  in  Fig.  13  for  the  open  arc.  It  will  be 
noticed  that  with  the  enclosed  arc,  the  light  is  of  fairly  large 
intensity  through  a  considerable  angle  below  the  horizontal. 
In  this  case,  the  maximum  value  is  approximately  3G0  candle- 
power  and  occurs  about 
30°  below  the  horizontal. 
This  is  considerably  less 
than  the  intensity  given  by 
an  open  arc,  at  about  40  to 
45°  below  the  horizontal, 
but  the  light  from  the  latter 
falls  off  very  rapidly  on  each 
side  of  the  maximum  point, 
whereas  in  the  enclosed  arc 
it  is  fairly  well  maintained  I 
through  a  considerable  an-  ' 
gle.  Curve  B  shows  the 
distribution  when  the  lamp 
is  provided  with  a  clear 
outer  globe  in  addition  to 
the  inner  opalescent  glstje. 
The  effect  is  to  slightly  cut 
down  the  intensity  as  a 
whole.  Curve  C  shows  the 
effect  of  using  an  outer 
opalescent  globe.  It  is 
easily  seen  that  the  effect 
is  to  make  the  light  approx- 
imately uniform  in  all  direct! 
cutting  it  down. 

The  distribution  of  light  from  an  enclosed -a  re  lamp  is  sub- 
ject to  considerable  variation.  It  depends  to  some  extent 
on  the  shape  of  the  enclosing  globe  and  also  on  the  thickness 
of  deposit  on  it.  It  also  depends  on  the  position  of  the  arc 
in  the  enclosing  globe. 


at  the  expense  of  greatly 
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23,     Enrloiieil-Arc  Altemallntc-Current  lAinpet. — The 

direct-current  lamp  gives  a  better  distribution  for  street 
lighting  than  the  enclosed- 
a  r  c  alternating-current, 
and,  on  the  whole,  the  lat- 
ter is  not  quite  as  efficient 
as  the  direct -current.  If, 
however,  full  benefit  is 
to  be  obtained  from  the 
light  given  by  the  alter- 
nating-current enclosed 
arc,  a  reflector  of  some 
kind  must  be  used.  This 
is  shown  by  the  curves  in 
Fig.  It!.  CurA-e  A  repre- 
sents the  distribution  from 
an  enclosed-arc  alterna- 
ting-current lamp  that  has 
an  opalescent  inner  globe 
and  a  clear  outer  globe. 
It  will  be  noticed  that  a 
larjje  (|iiantiiy  of   light  is 
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This  will  be  more  apparent  later  when  we  come  to  consider 
the  various  systems  of  supplying  lamps  with  current.  In 
Fig.  16,  curve  B  shows  the  distribution  given  by  an  alter- 
nating-current enclosed-arc  lamp  when  used  with  opalescent 
inner  and  outer  globes. 


CAXDLEPOWER  OF  ARC  LAMPS. 

24,  The  candlepower  of  an  arc  lamp  is  a  rather  indefi- 
nite quantity.  In  making  comparisons  between  different 
lamps,  the  only  way  to  make  such  a  comparison  that  is  at 
all  fair  is  to  take  the  mean  spherical  candlepower  of  the 
lamps,  i.  e.,  what  their  candlepower  would  be  if  it  were 
equal  in  all  directions,  instead  of  varying,  as  indicated  by 
the  curves  just  shown.  In  comparing  incandescent  lamps, 
it  is  usually  sufficient  to  compare  their  mean  horizontal 
candlepower  as  obtained  by  spinning  the  lamp,  but  in 
the  case  of  an  arc  lamp  the  distribution  is  so  irregular  that 
the  mean  spherical  candlepower  must  be  taken.  Again,  the 
candlepower  of  an  arc  lamp  as  given  out  in  the  various 
directions  is  a  difficult  thing  to  measure  accurately  with  the 
photometer.  The  arc  always  keeps  shifting,  and  the  inten- 
sity of  the  light  is  subject  to  such  variations  that  a  large 
number  of  settings  of  the  Bunsen  screen  must  be  made  to 
obtain  anything  like  average  results. 

26.  In  the  early  days  of  electric  lighting  it  was  cus- 
tomary to  speak  of  the  ordinary  lamp  as  giving  *i, ()()()  candle- 
power  or  1,200  candlepower.  The  candlepower  of  these 
lamps  was  not  nearly  as  high  as  this.  It  is  barely  possible 
that  under  exceptional  conditions  the  light  given  out  in 
the  maximum  direction  might  have  reached  these  figures, 
but  the  average  candlepower  was  nowhere  near  2,000. 
About  375  to  450  would "  be  nearer  the  mark.  This  old 
rating  gave  rise  to  a  great  deal  of  trouble,  as  customers 
were  often  told  that  the  lamps  should  give  2,000  candlepower 
and  that  the  lighting  companies  were  not  living  up  to  their 
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contract.  It  has  become  customary,  therefore,  to  specify 
lamps  as  taking  so  many  watts  instead  of  supplying 
tain  number  of  candlepower.  This  is,  generally,  more 
satisfactory,  because  the  watts  can  be  measured  at  any 
time,  to  see  if  the  contract  is  being  lived  up  to.  The  lamp 
formerly  rated  at  2,000  candlepower  has  thus  come  to  mean 
one  that  is  supplied  with  450  watts,  and  a  1,200  candlepower 
one  that  is  supplied  with  300  watts.  The  ratings  2,000 
and  1,200  candlepower  should  never  have  been  applied 
to  these  lamps  in  the  first  place,  as  they  have  absolutely 
no  meaning.  As  has  been  stated,  the  mean  spherical 
candlepower  of  an  ordinary  direct-current  open  arc 
generally,  somewhere  between  375  and  450  candlepowt 
The  mean  spherical  candlepower  represented  by  curve  Al 
Fig.  15,  is  about  223;  curve  S,  181;  curve  C,  155.  For 
the  alternating-current  lamps,  represented  by  Fig.  18,  the 
mean  spherical  candlepower  for  curved  is  about  140;  for 
curve  5,  114.  J 

26.     Power    Cnnsiiniiitloii    [ler   Can<lleiio«-er.  —  Tlfl| 

number  of  watts  that  must  be  supplied  to  the  terminals  of 
an  arc  lamp  per  mean  spherical  candlepower  will  depend  on 
thii  construction  of  the  lamp  and  on  the  conditions  under 
which  it  is  used.  For  example,  when  direct -current  lam; 
are  operated  on  110-volt  direct -current  circuits,  it  is  net 
sary  to  have  a  resistance  in  series  to  take  up  the  volta| 
over  and  above  the  SO  volts  required  by  the  arc,  and  ev) 
if  the  line  voltage  were  suited  to  that  of  the  arc,  a  resii 
ance  would  still  be  necessary  to  make  the  lamp  reguk 
properly,  as  will  be  explained  later.  The  waste  in  this 
resistance  may  amount  to  as  much  as  140  or  150  watts,  and 
this  lowers  the  general  eflliciency  of  the  lamp.  When  lamps 
are  operated  in  series,  this  resistance  is  not  necessary 
the  waste  in  the  lamp  is  less.  An  ordinary  scries  open- 
lamp  requires  about  1.2  watts  per  spherical  candiepow< 
A  direct-current  enclosed  arc  requires  about  1,8  watts 
per  spherical  candlepower,  not  counting  the  power  lost 
in  the  resistance.     If   a  resistance  is  used,  as  in  the  cnse 
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of  the  lamp  operated  on  110- volt  direct  current,  the  power 
consumption  per  candlepower  will  be  2.3  to  2.4  watts. 
For  example,  the  lamp  represented  by  curve  yl,  Fig.  15, 
took  4.9  amperes  at  110  volts  or  539  watts,  of  which 
147  watts  were  wasted  in  the  r«sistance  and  392  watts 
taken  up  at  the  arc.  The  lamp  gave  about  223  mean 
spherical  candlepower;  hence,  the  total  number  of  watts 
per  candlepower  was  HI  ='^.4:.  Not  counting  the  loss 
in  the  resistance,  the  watts  per  candlepower  would  be 
1.8,  nearly. 

The  alternating-current  enclosed-arc  lamp  requires  about 
2.4  watts  per  spherical  candlepower,  not  counting  the  energy 
lost  in  the  lamp  mechanism.  If  an  alternating-current 
lamp  is  run  from  constant-potential  mains,  the  excess  volt- 
age can  be  taken  up  by  a  reactance,  or  choke  coil,  which 
wastes  much  less  energy  than  a  resistance.  The  energy 
wasted  in  the  mechanism  of  a  constant-potential,  alterna- 
ting-current arc  lamp  will  not  be  more  than  half  that  of  the 
direct-current  lamp  using  a  resistance.  If  we  include  the 
power  lost  in  the  mechanism  in  both  cases,  the  alternating- 
current,  constant-potential  enclosed  arc  would  require 
2.45  watts,  as  against  2.3  watts  required  by  the  direct- 
current  arc.  If  we  use  a  shade  on  the  alternating-current 
arc,  the  power  consumption  per  candlepower  delivered 
below  the  horizontal  becomes  much  less;  but  in  comparing 
the  different  lamps,  we  must  take  them  all  under  the  same 
conditions  as  nearly  as  possible. 

87.  The  above  figures  are  intended  to  give  a  general 
idea  as  to  the  efficiency  and  illuminating  i)()wer  of  the 
various  kinds  of  lamps,  and  represent  average  conditions. 
Of  course,  lamps  may  be  met  with  that  will  vary  consider- 
ably from  the  above.  If  we  take  an  enelosed-arc  lamp 
taking  450  watts  and  compare  it  with  an  open-arc  lamp 
taking  the  same  amount  of  power,  we  Avill  find  that  the 
open-arc  lamp  will  give  a  somewhat  brighter  illumination 
on  the  street.  Notwithstanding  this  fact,  the  public,  as 
a  rule,  does  not  object  to  the  enclosed  arc  being  substituted 
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for  the  open,  because  the  light  is  much  softer  and  steadier 
and  the  shadows  are  not  so  deep.  As  has  already  been 
pointed  out,  the  enclosed  arc  is  cheaper  to  look  after  on 
account  of  the  long  life  of  the  carbons,  and  for  this  reason 
it  is  replacing  the  older  style  of  lamps. 

The  preceding  figures  relating  to  arc  lamps  are  here 
placed  in  the  form  of  a  table  (Table  I),  for  convenient 
reference. 

88.  The  number  of  arc  lamps  required  to  illuminate  a 
given  space  varies  greatly  and  it  is  difficult  to  give  any 
definite  figures  on  this  subject.  Enclosed-arc  lamps  are 
now  largely  used  for  the  interior  illumination  of  mills  and 
factories.  The  light  from  these  lamps  is  steady  and 
agreeable,  and  if  they  are  provided  with  light  opal  globes 
or  reflectors,  a  very  even  illumination  may  be  obtained. 
In  textile  mills,  the  illumination  must  be  very  good  ; 
hence,  more  lamps  are  needed  per  unit  of  floor  area  than 
would  be  required,  for  example,  in  a  foundry.  Table  II, 
based  on  values  given  by  Uppenborn,  will  give  a  gen- 
eral idea  as  to  the  space  that  may  be  illuminated  for 
each  450-watt  lamp  used. 
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SPACE   ILLI:MIXATKD   BY  AIM'    LAMPS. 


Space  to  l)c  Illuniinated. 


Square  Yards 

per 

■loO-Walt  Lamp. 


Outdoor  areas t>,()( )()->, 500 

Train  sheds I  1,4()0-1,(;()() 

Foundries  (general  illumination)!  r.()()-S()0 

Machine  shops 

Thread  and  cloth  mills 


>a3THODS  OP  DISntlBTmON. 

29.  We  have  considered  the  more  important  points 
relating  to  the  arc  itself,  and  it  is  now  in  order  to  con- 
sider the  lamp  proper.  The  arc  lamp  must,  besides  being 
arranged  to  hold  the  carbons  in  their  proper  position,  be 
provided  with  a  mechanism  to  start  the  arc,  or  "strike  " 
the  arc,  as  it  is  sometimes  called,  and  also  to  feed  the  car- 
bons together  as  they  burn  away.  But  before  looking  into 
the  subject  of  arc-lamp  mechanisms,  it  will  be  well  to  take 
up  the  methods  used  for  supplying  current  to  the  lamps, 
because  this  has  a  bearing  on  the  style  of  mechanism  used. 


BIEBIEB   DISnUBUnOK. 

30.  Most  of  the  arc  lamps  used  for  street-lighting 
work  are  connected  in  series.  For  example,  in  Fig.  17, 
A  represents  an  arc-light  dynamo  in  the  station  and  /,  /,  / 
are  arc  lamps  situated  at  different  points  on  the   street; 


/,  /'  represent  the  terminals  of  the  lamps,  and  are  marked  + 
and  —  to  distinguish  them  from  each  cither.  The  current 
flows  through  the  lamps  in  the  direction  indicated  by  the 
arrows.     The  +   terminal  should  in  each  case  connect  to 
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the  upper  carbon  and  the  negative  terminal  to  the  lower 
carbon.  If  one  of  the  lamps  B  should  be  connected  in  the 
circuit  backwards,  as  shown,  the  current  would  enter  at  the 
lower  carbon  and  -the  lamp  would  burn  upside  down;  in 
such  a  case  the  terminals  should  be  changed  so  that  the  cur- 
rent will  enter  at  the  top  carbon,  as  in  the  other  lamps.  It 
is  evident  that  in  a  simple  series  circuit  the  current  through 
all  the  lamps  must  be  the  same  unless  there  is  leakage  to 
ground  and  across  to  the  other  line,  as  indicated,  for 
example,  by  the  dotted  path  a-b.  There  will  be  no  leakage 
to  amount  to  anything  if  the  line  is  in  proper  conditicm,  so 
that  it  may  be  generally  assumed  that  the  current  through 
each  lamp  is  the  same. 

31.  Since  each  lamp  requires  a  certain  "current  for  its 
operation,  it  is  evident  that  the  current  in  the  circuit  must 
be  kept  constant,  i.  e.,  the  number  of  amperes  must  be  kept 
the  same  no  matter  how  many  lamps  are  in  use.  If  we  had 
10  lamps  in  operation,  each  requiring  45  volts  pressure,  the 
dynamo  would  have  to  generate  450  volts.  Suppose  now 
that  3  of  the  lamps  are  cut  out  by  short-circuiting  them — 
lamps  in  a  series  circuit  must  always  be  cut  out  by  short- 
circuiting,  otherwise  the  circuit  will  be  broken.  In  practice, 
each  lamp  is  provided  with  a  switch,  as  indicated  at  s^ 
which  is  used  to  cut  out  the  lamp  by  short-circuiting  it  and 
allowing  the  current  to  flow  past  it.  If  the  voltage  remains 
the  same,  it  is  evident  that  the  current  will  increase, 
because  we  have  decreased  the  resistance  of  the  circuit;  if 
the  current  is  increased,  the  lamps  will  perform  badly  and 
perhaps  burn  out.  In  order  to  keep  the  current  the  same, 
the  voltage  should  be  reduced  to  7  x  45,  or  315  volts,  when 
the  lights  are  cut  out.  This  is  done  by  providing  the  dyna- 
mos with  an  automatic  regulator.  In  case  the  lamps  are 
operated  in  series  by  means  of  alternating  current,  a  special 
transformer  or  regulator  of  some  kind  is  frequently  used  to 
keep  the  current  constant. 

The  series  system  of  distribution  is  very  widely  used  for 
street  lighting,  and  is,  in   fact,   about  the  only  system  that 
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Suppose  that  A  and  B  represent  two  of  the  commutators 
of  a  Brush  machine.  In  the  older  machines  they  were  con- 
nected in  series,  as  shown  in  Fig.  18  (^),  across  a  single 
circuit.  The  voltage  between  the  terminals  of  the  circuit 
1-2  will  therefore  be  equal  to 
the  sum  of  the  voltages  gen- 
erated in  the  sections  of  the 
armature  A  and  B,  Suppose, 
however,  that  two  series  of 
lamps  are  arranged  as  shown 
in  Fig.  18  {d).  Here  we  have 
the  same  number  of  lamps  con- 
nected in  series  as  before,  but  t 
they  are  divided  into  two  cir- 
cuits 1-2  and  3-4  and  the  pres- 
sure between  points  1,  2  is  just 
one-half  what  it  was  before, 
because  there  are  only  one-half 
as  many  lamps  connected  be- 
tween i,  2  that  there  were  in 
the  previous  case. 

The  whole  object  of  this 
arrangement  is  to  allow  a  large 
number  of  lamps  to  be  oper- 
ated in  series,  without  intro- 
ducing extremely  high  pressures 
on  the  line  and  dynamo.  This 
may,  perhaps,  be  more  clearly 
understood  by  taking  the  ex- 
ample shown  in  Fig.  19.  It 
would  not  be  necessary  to  use  a  multicircuit  arrangement 
for  as  small  a  number  of  lights  as  10,  but  it  will  serve  to 
illustrate  the  point.  Allowing  50  volts  per  lamp,  so  as  to 
include  the  line  drop,  we  would  require  500  volts  for  oper- 
ating the  single  circuit  in  Fig.  IS  (a).  We  can  therefore 
represent  the  fall,  or  drop,  in  pressure  from  the  +  to  the  — 
terminal  of  the  machine  as  indicated  in  Fig.  19  {a).  Each 
section  of  the  armature  generates  250  volts,  and  as  these 
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are  connected  dirtctly  in  series,  wc  have  SOO  volts  acruas  . 
the  circuit,  5 

Iq  the  second  case,  we  have  the  state  iif  affairs  shown  in  J 
I'ig.  19  (6).  Suppose  that  we  take  the  point  i  as  a  starting,  ( 
point  and  assume  that  it  is  at  zero  potential.  The  arma-  J 
tiirc  Bcction  A  raises  the  pressure  to  HHn  volts,  so  that  there  | 
is  a  difference  in  jiressure  of  260  voIib  betwrcn  jHiints .?  and  /. 
The  current  then  passes  through  the  circuit  -t-i  containing  *. 


r»  lamps,  and  the  pressure  drops  off  as  indicated.    Armature  B 
ajjain    raises    the    pressure    aSO  volts,  so  as  to  operate  the 

r>  lamps  in  circuit  S-1. 

U  is  thus  seen  that  the  multicircuit  arrangement  shown 
in  l-'ig.  ]S  (/')  operates  the  same  number  of  lights  as  in 
Via-  IH  {</),  and  the  iiia.vinium  pressure  between  the  termi- 
nals iif  the  dyiiaiiiii  or  lit-tween  the  terminals  of  either  of 
the  cLrcuits  is  just  'uic-half  that  in  the  single-circuit  scheme 
of  I'livialiiiji,  If,  hriwovcr,  the  circuit  is  opened  at  any 
point   in  Vii-.   IS  {/').  ihc  pri'ssiire  at   the  break  will  at  once 
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rise  to  a  pressure  that  is  at  least  equal  to  the  total  pressure 
that  the  machine  is  capable  of  generating,  and  will  be  as 
high  as  the  pressure  given  by  the  single-circuit  arrange- 
ment. This  is  because  at  the  instant  that  the  circuit  is 
opened  there  is  but  a  very  small  drop  through  all  the  lamps. 
Moreover,  the  sudden  decrease  in  the  current  causes  a  high 
induced  E.  M.  F.  in  the  windings  of  the  machine  on  account 
of  the  sudden  decrease  in  the  lines  of  force  threading  the 
field  and  armature,  and  the  pressure  obtained  at  the  break 
may,  in  many  cases,  considerably  exceed  the  full-load  volt- 
age of  the  machine. 

34.  Since,  in  the  multicircuit  arrangement,  as  used  on 
the  Brush  machines,  the  several  circuits  are  in  series  with 
each  other,  the  current  must  be  the  same  in  all  and  only  one 
regulator  is  necessary  on  the  dynamo.  Where  two  inde- 
pendent circuits  are  operated  in  parallel  from  the  same 
machine,  it  is  evident  that  the  voltage  applied  to  each  of  the 
circuits  must  be  capable  of  independent  regulation.  For 
this  reason,  the  Western  Electric  multicircuit  machines  are 
provided  with  two  independent  regulators,  one  for  each  cir- 
cuit. Some  of  the  larger  Brush  machines  are  arranged  so 
as  to  operate  four  circuits,  though  any  of  these  dynamos 
may  be  operated  as  ordinary  single-circuit  machines  if 
desired. 


PARAT.T.ET^    r)ISrKIBUTION. 

35.  When  arc  lamps  were  first  introduced,  parallel  dis- 
tribution was  not  very  common,  l)ut  now  a  large  number  of 
lamps  are  operated  in  j)arallel  on  constant-potential  circuits, 
both  direct  and  alternating.  The  increased  use  of  enclosed- 
arc  lamps  for  store  and  factory  illumination  is  largely 
accountable  for  this.  Such  places  were  usually  equipped 
with  low-pressure  constant-potential  plants  for  incandescent 
lighting,  and  series-arc  lamps  for  interior  work  are  more  or 
less  objectionable  on  account  c)f  the  high  pressures  neces- 
sary for  their  operation.     The  .series-arc  lamp  is,  however, 
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used  for  interior  illumination  in  some  large  concerns  where  a 
large  number  of  lights  must  be  operated.  Enclosed-arc  lamps 
are  operated  in  parallel  by  connecting  them  directly  across 
the  line,  as  indicated  in  Fig.  20.  Each  lamp  is  here  pro- 
vided with  a  double-pole  switch  and  cut-out  or  branch  block 
carrying  fuses  for  protection  in  case  a  short  circuit  occurs 
in  the  lamp.  Most  lamps  have  a  switch  mounted  on  them, 
and  it  is  only  necessary  to  provide   a   separate   switch,  as 


shown,  when  it  is  wished  to  control  the  lamp  fri^m  a  dis- 
tant point.  ( )f  (N)nrsc,  the  switch  is  arranj^ed  to  o])en  the 
(Mrcuit  through  the  lamp,  and  not  short-circuit  it,  as  when 
cutting  out  a  series  lam]). 

Fii.^.  'l\  shows  the  lam])s  connected  to  an  ordinary  llO-volt 
direct-current  system.  By  usinij^  lam])s  willi  a  slij^htly  dif- 
ferent mechanism,  thev  mav  be  operated  from  the  secondary 
of  a  transformer,  as  shown  in  Fii^.  !>•.>.  When  arc^  lamps  are 
o])erate(l  from  conslant-])<>te;uial  dired-current  mains,  it  is 
nei^essarv  to  (.N)nne(^t  a  resistance  /',  Via;.  '20,  in  series  with 
the  arc.  'Fhis  is  necessary  for  two  reasons.  In  the  first 
placx',  the  lam])s  will  not  ret^ulate  well  without  it,  and  in 
the   second   place,   the  voltaj^es  used   on    constant-potential 
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circuits  are  usually  considerably  higher  than  the  voltage 
required  by  a  single  arc  lamp,  so  that  the  excess  voltage 
must  be  taken  up  in  a  resistance. 

If  an  arc  lamp  were  connected  directly  to  constant-poten- 
tial mains,  without  the  intervention  of  any  resistance,  its 
action  would  be  unstable.  If  the  current  flowing  through 
an  arc  increases,  the  resistance  of  the  arc  decreases,  because 
the  increased  current  causes  the  cross-section  of  the  arc  to 
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increase.  On  the  other  hand,  if  the  current  decreases,  the 
resistance  of  the  arc  increases.  The  consequence  is  that  if 
the  constant  voltage  of  the  mains  was  just  equal  to  that 
required  by  the  arc  and  if  the  current  through  the  arc 
should,  for  any  reason,  decrease  a  little,  the  resistance 
offered  by  the  arc  would  at  once  increase,  thus  causing  a 
further  decrease  of  current  and  increase  of  resistance,  with 
the  result  that  the  arc  would  go  out.  On  the  other  hand,  an 
increase  of  current  would  result  in  a  decrease  of  resistance, 
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and  this  would  cause  a  stOI  further  tncrvase  at  current. 
Tbc  opcratioa  of  tbe  lamp  wriuld  thcirforc  be  unstable, 
am)  troald  fail  to  maintain  n  coasanl  arc  fcir  any  length 
(if  time- 

Xow.  if  a  line  voltage  sumevliat  higher  than  that  required 
by  the  lamp  15  used  and  suflirient  resistance  inserted  (m  gi^'e 


a  drop  through  the  resistance  sufficient  to  bring  the  arc 
voltage  t"  the  correct  amount  when  the  n<)rmal  current  is 
flowing,  the  lamp  will  become  stable  in  its  action.  For, 
suppose  the  current  decreases    a  little;  the    drop    through 
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the  resistance  will  decrease  and,  since  the  line  voltage  is 
constant,  the  voltage  across  the  arc  will  be  increased,  thus 
compe'isating  for  the  increased  arc  resistance.  Also,  if  the 
currert  increases,  the  drop  through  the  resistance  at  once 
increases  and  the  voltage  across  the  arc  is  lowered.  In 
altef'^iating-current  lamps  a  reactance  or  choke  coil  takes 
the  place  of  the  resistance.  This  consists  of  a  coil  of  wire 
wound  on  an  iron  core.  When  the  alternating  current 
passes  through  the  coil,  the  changing  magnetism  set  up 
generates  a  counter  E.  M.  F.  in  the  coil.  The  choke  coil 
wastes  less  energy  than  the  resistance,  but,  of  course,  it 
cannot  be  used  with  a  direct-current  lamp,  as  the  direct 
current  is  not  capable  of  setting  up  the  alternating  mag- 
netism necessary  to  generate  the  counter  E.  M.  F.  The 
resistance  or  choke  coil,  as  the  case  may  be,  is  generally 
mounted  in  the  top  of  the  lamp  and  is  arranged  so  that  it 
will  be  ventilated,  in  order  to  insure  cool  running.  Resist- 
ance coils  in  arc  lamps  are  usually  made  of  German  silver 
and  are  in  most  cases  wound  on  porcelain  fittings. 


36.  Lamps  III  Multiple  Series. — The  use  of  the  en- 
closed-arc  lamp  allows  single  lamps  to  be  operated  in  par- 
allel on  100-  to  120-v()lt 
circuits  without  excessive 
waste.  This  is  because 
these  lamps  take  such  a 
high  voltage  at  the  arc 
(from  70  to  80  volts). 
Open-arc  lamps  take  only 
from  40  to  50  volts  at  the 
arc;  hence,  if  these  lamps 
were  operated  singly  across 
100-  to  120- volt  circuits,  there  would  have  to  be  from  00  to 
HO  volts  taken  up  in  the  resistance.  To  avoid  this,  open- 
arc  lamps  were  usually  operated  two  in  series,  as  shown  in 
Fig.  23,  thus  rccjuiring  about  \)K)  volts  for  the  arc,  and  leav- 
ing only  about  20  volts  to  be  taken  up  in  the  resistance  R. 
Quite  a  number  of  lamps  were  at  one  time  operated  in  this 
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♦'/  »•''  ;/  Ml'  ;»r'  '/f  *:.'•  \,r<>\)*:r  Irntrth.  When  ::k-  iippi-r  car- 
f/'/M  I.  f'l';i.''i  l/v  the  larfi[i  rri*-' hani--m,  it  is  ted  d«>wn  by 
th'  ,it  f  f  .1' t  i',fi  of  '/ravily.  ^jravity  is  thrr«.'t«»rc  the  pro- 
P' llif,'/  |>'/vV' r  m  iijo  ,t  Limps,  and  thr:  \vh"le  lamp  niecha- 
hi  Ml  I.  <  .'Mti.ijly  ;i  r|fvi«e  first  to  Separate  the  carbons 
,ih'l  i.ifi  \\\'-  .\\t  ;ifMl  th'h  to  r<*lease  the  carbon  and  allow 
II   'o  b    i\  down  ;it  the  j^roj^er  time.      This  feeding  must  be 
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accomplished  without  disturbing  other  lamps  on  the  same 
circuit.  The  mechanism  generally  consists  of  a  clutch  or 
clockwork  controlled  by  electromagnets,  the  current  in 
which  depends  on  the  condition  of  the  arc  and  which  releases 
the  clutch  or  clockwork,  thus  allowing  the  carbon  to  feed 
down  whenever  the  arc  exceeds  the  length  for  which  the 
mechanism  is  set. 

As  stated  before,  the  mechanism  must  also  be  arranged 
so  that  the  lamp  will  regulate  without  affecting  other  lamps 
on  the  circuit.  This  is  comparatively  easy  to  accomplish  in 
the  case  of  lamps  operated  in  parallel,  because  the  pressure 
across  the  mains  is  constant,  and  each  lamp  is  independent 
of  its  neighbor.  In  the  case  of  the  series  lamp,  however, 
the  current  that  flows  through  one  lamp  also  flows  through 
all  the  others,  and  each  lamp  must  be  arranged  so  as  to  feed 
when  necessary,  no  matter  what  may  be  the  condition  of 
the  others. 


COXSTANT-POTKXTIAT.    LAMPS. 

39.  The  regulation  of  constant-potential  lamps  is  usually 
brought  about  by  an  electromagnet  or  solenoid  that  is  con- 
nected directly  in  series  with  the  arc.  This  solenoid  oper- 
ates either  a  clutch  or  clockwork  so  as  to  feed  the  carbon 
when  required.  For  example,  take  the  simple  arrangement 
shown  in  Fig.  24.  This  is  not  intended  to  illustrate  any 
particular  make  of  lamp,  but  simply  to  bring  out  some  of 
the  points  connected  with  the  operation  of  constant-potential 
lamps  in  general.  By  far  the  greater  number  of  lamps  in  use 
employ  a  clutch  rather  than  a  clockwork  feed.  In  Fig.  24, 
/,  /'  are  the  lamp  terminals  a)nnected  across  a  constant- 
potential  circuit ;  r  is  the  resistance  inserted  to  take  up  the 
surplus  voltage  and  to  make  the  action  of  the  lamp  stable; 
5  is  a  solenoid  connected  directly  in  series  with  r  and  ar- 
ranged to  suck  up  the  core  c  when  current  passes;  d  is  the 
clutch,  which  we  have  here  shown  simply  as  a  washer  with 
a  hole  a  little  larger  than  the  rod  c\  to  which  the  upper  car- 
bon is  attached ;  /  is  a  stop  against  which  d  strikes  when 
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I  " 

I  the  Cure  c  krren  a  MificKnt  amanrnt:  g  h.  the  tnp  (positivvj 

I  carbon   and  *  the    knrcr   (nrcaUvrf.      The  mirrcnt  rntrrt 

I  al  /,  fnwn  throogh  r  and  5  to  tbe  bruiih  k.  which  nukes 

I  ^        |>B                                      _           a    sliding    contact 


with  the  carboB 
rod  r.  Prom  r  it  , 
partes  lu  the  Inp 
carbon  g.  thenoo 
to  the  lower  b,  nnd  ' 
iioi  at  /'.  The 
path  is  OS  tndi- 
cated  tiy  the  ar- 
r<>WK.  Thi«  is  sup- 
posed lo  be  a  di' 
rect-cuTTent  lamp;, 
hence,  the  currcni: 
s  h  »  D I  d  fkkw,  as 
shown,  so  as  to 
bring  the  crater  in 
ibe  Qpper  carb«HL  With  an  altematinR -current  lamp,  it 
wtitUd,  o(  onmc,  make  no  difference  how  the  lamp  wa» 
i-onnected. 

40.  Wlirii  th-/  ,.!fr<i,l  w  ..tT.  ./  r..ni.-N  .!,.wn  a;;ainsl/ 
and  is  tilted  s«>  that  c  slides  through  until  ^  strikes  A.  As 
soon  as  the  current  is  turned  on  by  closing  switch  m,  the 
core  c  is  at  once  sucked  up  to  the  full  limit  for  which  the 
lamp  is  adjusted.  As  soon  as  f  moves  up  </  tilts,  as  shown 
in  the  figure,  and  grips  »■.  thus  raising  g  and  striking  or 
starting  the  arc.  As  the  carbons  burn,  the  arc  gradually 
lx;comes  li)nKer  and.  consequently,  the  resistance  of  the  tamp, 
as  a  whole,  iniTcascs.  One  fact  that  must  not  be  lost  sight 
of  is  that  this  lamp  is  cimncctcd  in  multiple  across  a  constant- 
jvncntial  circuit;  hence,  as  the  arc  lengthens,  the  current 
through  the  lamp  is  bound  to  decrease,  no  matter  what 
ciirri-nt.  the  <'thcr  lamps  on  th<;  same  circuit  may  be  taking. 
I  lj'  r>-jlt  is  that  its  the  arc  gels  lonm-r,  ,V  becomes  weaker 
1  ■  '  -iii-rof  the  smaller  current  and  c  lowers  a  little.     Whenc 
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has  moved  a  short  distance,  d  comes  in  contact  with  /",  and 
as  c  drops  still  farther,  d  is  tipped  a  little  and  allows  rod  e  to 
slide  through.  As  soon  as  the  carbons  come  nearer  together, 
the  current  at  once  increases,  c  is  pulled  up,  and  the  rod  is 
held  until  the  current  becomes  small  enough  to  allow  it  to 
feed  again.  In  this  way  the  carbon  is  fed  down,  a  little  at 
a  time,  and  the  feeding  is  brought  about  by  the  decrease  of 
the  current  due  to  the  increase  in  the  length  of  the  arc.  It 
is  thus  seen  that  the  regulation  of  a  constant-potential  lamp 
may  be  brought  about  by  the  use  of  a  simple  series  solenoid, 
or  magnet,  and  as  a  matter  of  fact  the  mechanism  of  these 
lamps  is  very  simple;  some  of  the  modern  enclosed-arc 
lamps  have  but  little  more  mechanism  than  that  indicated 
in  Fig.  24. 


SERIES- AllC  liAMPS— OPEN  ARC. 

41.  When  we  come  to  consider  the  regulation  of  series- 
arc  lamps  and  the  mechanism  necessary  for  their  operation, 
we  have  a  different  problem  to  deal  with.  In  the  first  place, 
when  lamps  are  run  in  series,  the  current  is  always  main- 
tained at  a  constant  value,  or  it  should  be  if  the  regulator 
on  the  dynamo  works  properly.  It  is  evident,  then,  that  a 
series  magnet  alone  is  not  able  to  do  the  regulating,  because 
its  pull  remains  the  same  no  matter  what  might  be  the  con- 
dition of  the  arc.  Again,  there  must  be  some  device  in  the 
series  lamp  that  will  preserve  the  continuity  of  the  circuit 
in  case  a  carbon  should  become  broken,  fall  out,  or  the  cir- 
cuit through  the  lamps  become  broken  in  any  way.  If  such 
a  device  is  not  provided,  an  open  circuit  in  the  lamp  will 
result  in  all  the  lights  on  the  circuit  going  out.  This  device 
is  called  a  cut-out. 

48.  Although  the  current  through  the  arc  remains  con- 
stant in  a  series  system,  the  voltage  across  the  arc  increases 
as  its  length  increases,  and  this  increased  voltage  is  made  to 
bring  about  the  regulation.      Suppose  that  we  modify  the 
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)tiii))>lc  lamp  shown  in  Fig.  24  by  extending  the  core  c  down- 
wnrdM  und  iKldiu);  another  solenoid  S\  as  shown  in  Fig.  25. 
We  uan  alst*  omit  the  sUirting  resistance  r,  as  this  is  to  be  a 
iieries  lump,  and  there  will  he  no  excess  voltage  to  be  taken 
u|i;  the  eiirrtut  is  maintained  at  a  constant  value  and 
rrHintuncc  is  nut  nett'ssary  to  insure  stability  of  operation. 
Thin  wiimd  eoil  ,S"'  is  to  K-  wound  with  u  large  number  of 
turns  uf  lint;  wliv,  so  that  when  it  \s  connected  in  shunt 
lUTtuut  the  arc,  us  shown,  Init  a  small  current  will  flow 
thrntiiih  it.  Tlw  toils  .S",  .S"'  pull  c  in  opposite  directions, 
Rml  »■  will  always  take  up  such  a  position  that  the  two  pulls 
are  Iwlanccd,      The  action  of  the  lamp  is.  then,  as  follows; 


When  the  lamp  is  out.  the  carbons  ,i,^  /i  are  in  contact. 
Notice  that  the  switch  w  in  this  lamp  is  connected  across  the 
terminals,  and  in  order  to  put  out  the  lamp,  m  is  closed. 
This  is  jnst  the  reverse  of  the  constant-iMitential  lamp  that 
is  oi>eralcd  in  parallel.  When  the  lamp  Is  thrown  into  cir- 
cuit, the  main  current  passes  l>etween^i^and  //,  but  since  the 
carbons  are  in  contact  there  will  be  little  or  no  drop  in 
potential  between  them  and,  hence,  practically  no  current 
will  pass  through  the  shunt  coil  i".     The  result  is  that  coil  i' 
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pulls  up  the  plunger,  and  in  so  doing  lifts  the  upper  carbon 
and  starts  the  arc.  The  instant,  however,  that  the  carbons 
gy  h  separate,  current  flows  through  S\  because  there  is  then 
considerable  difference  of  potential  between  g  and  h.  The 
result  is  that  as  the  carbons  are  separated,  the  downward 
pull  of  5"'  becomes  stronger  until  it  finally  balances  the 
upward  pull  of  S\  when  the  arc  remains  stationary.  As  the 
carbons  burn  away,  the  arc  becomes  longer;  hence,  its 
resistance  increases  and  the  voltage  across  the  arc  increases. 
The  pull  of  5  does  not  change,  because  the  main  current  is 
maintained  constant  by  the  dynamo.  The  pull  of  S'  keeps 
increasing  as  the  carbons  burn  away,*  and  c  is  gradually 
pulled  down  until  the  lamp  feeds.  As  soon  as  g  feeds  down 
the  pull  of  S'  decreases,  because  the  arc  shortens;  hence, 
the  position  of  c  becomes  again  balanced,  and  so  on,  the 
plunger  c  moving  back  and  forth  through  a  small  range 
between  the  coils.  By  properly  adjusting  the  clutch,  such 
a  lamp  may  be  made  to  keep  the  arc  at  the  proper  length 
within  very  close  limits. 

43.  The  student  should  carefully  note  the  essential  fea- 
tures of  the  above  lamp,  because  practically  all  series  lamps 
depend  for  their  operation  on  the  use  of  two  coils.  One  of 
these,  the  series  coil,  carries  the  main  current,  and  is 
opposed  by  the  shunt  coil,  which  carries  a  current  depend- 
ing on  the  length  of  the  arc.  The  current  in  the  shunt  coil 
depends  only  on  the  length  of  the  arc  in  each  individual 
lamp  and  is  independent  of  the  condition  of  the  other 
lamps.  A  lamp  of  this  kind  is  known  as  a  differential 
lamp,  because  the  position  of  the  core  c  depends  on  the 
difference  in  the  pulls  between  .S"  and  .S"'.  The  simple  series 
lamp  shown  in  F'ig.  25  is  not  provided  with  a  cut-out, 
but  the  action  of  this  device  will  be  explained  later  when 
some  of  the  different  types  of  lamp  are  described.  In  some 
makes  of  lamps  the  coarse-wire  and  fine-wire  coils  are  both 
wound  on  the  same  spools,  and  instead  of  using  solenoids 
with  a  core  that  is  drawn  into  them,  the  coils  are  provided 
with  a  fixed  iron  core  and  arranged  so   as   to  attract   an 


fttdatf  is  TCTy  itgfct,  apd  the  ^gtwa  ^pradk  eachotbtf 
SB  gndody.  if  tfce  lamp  is  pnperif  adfonerf,  tfaU  s  seead; 
Ssfct  is  tike  malt.  Tbc  iseAqB  Baechuti^  of  a  cio^woclE 
limf  ii  rli|,hilj  iiiiiri  iiimpBi  inilifciii  rhii  iif  irTnirrhliinp 
In  the  bttcr,  tiK  cuimn  nd  aost  be  kept  dcaa  umI  brigbt, 
or  else  the  dntch  will  not  act  pr>per!T.  If,  however, 
2  cintch  lamp  is  l'x>fcetl  after  as  it  sh'uld  be,  it  will  feed 
sm'MJthly  an'i  ;sive  ij^-w.d  results.  The  use  ■>[  i.-!"ckw>rfc  mech- 
anisms is  n^^t  as  omm^in  as  i:  "nee  was.  an-i  practically  all 
the  m-xJern  lamas  arc  ■jpcraie-l  bv  a  clutch  <A  si>me  kind. 


KX-V3iri.E.S   OF    ARC    L.VMPS, 


COV-^T.VVr-d'RREST  -iERltS  L.\JHPS  — OPEV  ARC. 

44.  The  cnstant-curri-Tic  scries  arc  lamp  using  direct 
';rirr':nt  and  hurninj^  with  an  '>peti  arc  has  in  the  past  been 
th';  styl':..f  lamp  alm.ist  iinivcrsally  used  t.>r  street  lighting. 
Th'^rc  an:  th'iusands  -if  these  lamps  in  use,  and  notwilh- 
standinj;  the  fact  that  the  reyulatiny;  mechanism  of  some  of 
them  in  more  or    less  complicated,   they   have    given    very 
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good  service  and  their  general  design  has  been  changed 
but  little.  It  is  now  customary  to  run  more  lamps  on  a 
circuit  than  was  once  the  case;  hence,  the  voltage  of  the 
circuits  is  higher,  and  it  is  necessary  to  provide  the  lamp 
mechanism  with  better  insulation  than  was  used  inthe  older 
lamps.  The  design  of  the  clutch  has  also  been 
modified  from  time  to  time,  but  as  a  whole  the 
mechanism  of  these  lamps  remains  about  the 
same  in  principle  as  it  was  when  they  were 
first  introduced.  The  open  arc  is  being  grad- 
ually ousted  for  street  lij^hting  l>y  the  enclosed 
arc,  but  as  there  are  still  very  large  numbers 
of  the  former  in  use,  it  will  be  necessary  to 
explain  a  few  of  the  more  important  types. 
For  this  purpose  we  will  select  the  Brush, 
the  T.  H.  (Thomson- Houston),  and  the  Wood 
lamps,  as  these  have  been  more  largely  used 
than  any  others. 


45.  When  an  open-arc  lamp  is  required  to 
burn  all  night,  it  is  necessary  to  provide  it 
with  two  carbons,  arranfjcd  so  that  when  one 
is  consumed  the  other  will  start  up,  I'ig,  2'! 
shows  a  Brush  double-arc  lamp  for  all-night 
burning.  This  view  shows  the  lam])  with  the 
globe  removed  and  with  one  pair  of  carbons 
nearly  consumed.  As  soon  as  the  carbon 
rod  a  gets  to  its  lowest  point,  tho  rod  i/ starts 
feeding,  and  the  other  pair  <>f  carbons  are 
consumed.  In  order  to  obtain  a  lung  life  for  ^^£ 
the  carbons,  some  com]>anii's  use  single  lamps,  "^ 

liut  instead  of  the  ordinary  |',,-inch  or  .{.iiK^b  ''"■■' 

round  carbons,  thc-y  use  i.'-inch  nr  even  larger.  This  r 
in  a  long  life,  but  the  large  carlmns  are  ajit  to  cast  < 
tionable  shadows.  Another  scheme  for  securing  Ion 
for  the  carbon,';  of  opi-n  an-s  is  lo  use  flat  carbon  ji 
but  this,  also,  has  the  bad  feature  uf  giving  ]M)or 
distribution. 
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■i6.     The  Bmsh  Arc  Idtnip. — The  general  appearance  of 
this  lamp  is  shown  in  Fig.  '^(i,  which  will  serve  to  iltustrale 


P 


the  appearance   of   all   the  lamps  (if  this  class,     A   is  the 
frame  carrying  the  lower  carbon  holders  d,  b  and  the  globe 
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Mer  e;  Bii  Ibe  conr  foe  pcixccting  fbe  bmp  mecbuiism ; 
*   if   ooe   oi   the   cartnc    rods   caxrjitxg  the  upper   carbon 

Met.  Wbcn  the  Untp  is  dcwIt  triwmed.  these  rods  pu^ 
Jmrajcb  the  case  and  arc  protected  br  tbe  chiiimej^  /,  /. 
T,  T'  are  tbe  lamp  term i nab 

Ft)(.  27  sbovs  the  rriation  of  the  fnrts  of  the  lamp  and 
Pig.  St  the  comiectHas.  Tbe  tfoib  5,  5 '  and  it.  ^  are  rcally 
voood  on  top  of  each  other,  bat  we  bare  here  shown  them 
side  by  «de  for  tbe  sake  vi  deamess.  P  and  \  are  tbe 
positive  and  negative  tcrmiDais  ot  tbe  lamp.     The  poles  oi 

e  regulating  magnet  are  at  /,  m%  and  ••  U  the  armature 

at  mcves  Dp  and  down  with  tbe  rocker  R  hinged  at  the 
l»iRU  />,  /.  The  clutches  are  r>}t  shown  in  Fig.  2S.  but 
Ibey  can  be  seen  at  r.  j.  Fig.  27.  Their  operatinn  will  be 
dejurilied  later.  The  positiYe  and  negati^-e  carbons  f,  /"are 
attscbed  to  the  carbon  nods  »,  r-.  When  no  current  is  Sow- 
ing through  the  lamp,  the  armature  n.  Fig.  2S,  and  the 
rocker  K  are  in  the  lowest  posntion,  and  the  strip  c  comes  in 
contact  with  the  terminals  /, /,  thus  cutting  out  tbe  lamp 
and  allowing  the  current  to  take  the  path  I-I-2-^f-i-r~\. 
C  is  an  auxiliary  cut-out  that  is  intended  to  cut  out  the 
lamp  whenever  the  pressure  across  the  arc  exceeds  70  volts. 
It  consists  of  a  magnet  provided  with  two  windings  a  and  fi, 
connootcd  a.=  shown,  and  a  pivoted  armature  if  that  makes 
contart  at  c'  when  the  magnet  acts.  A  small  amount  of 
ailjustatiie  resistance  r'  is  in  shunt  with  the  series  magnet  S. 
liy  regulating  this  resistance,  the  pull  of  the  series  magnet 
may  be  ailjiisted;  r  is  another  small  resistance  connected  in 
series  with  the  cut-out  c. 

47,  The  action  of  the  lamp  will  be  utnUTStoo<l  by  refer- 
ring to  Fig,  2H.  First  we  will  suppose  that  the  lamp  is  con- 
nected in  circuit  but  is  short-circuited  by  the  switch  blade  K 
on  top  of  the  lamp  being  on  contact  1.  The  current  then  flows 
directly  across  from  Ptn  1,  thence  through  A' and  out  on  the 
line.  Under  these  circumstances  no  current  flows  through 
the  mechanism,  the  armature  will  be  dinvn,  the  carbons  in 
contact,   and   piece  c  will  connect  /  and  J.      Now,  suppose 
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switch  K  to  he  opened.  The  current  will  then  take  two 
paths  as  follows:  P-r' -y-u-c-f-N  and  P-i-Q-J-i-r-N. 
However,  since  5,  S  are  connected  in  shunt  with  r\  a  portion 
of  the  current  will  flow  through  the  series  coils,  taking  the 
path  1-2-j-S-S-y^  and  the  armature  will  be  lifted,  thus 
separating  the  carbons  and  establishing  the  arc.  As  soon  as 
the  armature  is  raised,  the  contact  c  leaves  the  terminals  /,y, 
and  the  current  passing  through  r  is  interrupted  with  the 
exception  of  the  small  current  that  passes  through  the  fine- 
wire  coils  S\  S'.  The  clutch  has  now  lifted  the  carbons 
and  the  lamp  is  in  operation.  One  end  of  the  fine-wire  coil 
connects  to  the  upper  carbon,  as  indicated  at  >^,  and  the 
shunt  current  takes  the  Y^2ith  Jlf-S'-S'-h-c'-a-i-r-N.  It  is 
thus  seen  that  the  coils  S\  S\  and  b  are  in  series  and  are 
connected  in  shunt  with  the  arc.  Coils  a  and  b  tend  to  raise 
the  armature  d\  but  the  current  flowing  under  normal  con- 
ditions is  not  sufficient  to  actually  raise  it.  It  should  be 
noticed  that  the  current  circulates  around  5 ',  5 '  in  a  direc- 
tion opp>osite  to  that  in  S^  S. 

48,  As  the  carbons  burn  away  and  the  arc  becomes 
longer,  the  current  through  the  shunt  coils  increases,  thus 
making  the  poles  of  the  controlling  magnet  weaker  and 
allowing  the  armature  and  rocker  to  gradually  drop  down. 
This  lowering  continues  imtil  the  clutch  releases  and  allows 
the  carbon  rod  to  slide  down  a  little. 

Fig.  29  shows  a  form  of  clutch  used  in  this  lamp.  The 
piece  a  rises  and  falls  with  the  rocker,  and  when  it  is  raised 
the  piece  b  is  clamped  against  the  carbon  rod 
by  means  of  the  small  lever  d,  and  the  move- 
ment of  the  armature  lifts  the  whole  rod. 
When  a  descends,  because  of  the  magnets 
becoming  weaker,  the  whole  clutch  and  rod 
move  down  until  the  piece  e  strikes  the 
plate  f.  The  piece  g  then  remains  station-  ^y-il  ■K;:;;v;;^?:::7a 
ary,  while  a  moves  down  a  little  farther,  thus 
moving  the  small  lever  d  and  unlocking  the 

clutch.  FlO.  29. 
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,     Suppose  now  that  a  carbon  rod  should  stick  in  some 
'  and  fail  to  feed  properly.     The  arc  would  gradually 
'if   longer   and   the   voltage  across  it  would   increase 
rent  in  the  shunt  circuit  became  much  larger 
nal  amount ;  this  would  cause  the  armature  iJ'  of 
,  L"iit-out  CX"  be  drawn  up  and  contact  made  at  it'. 
would  then  lake  the  path  P-l-Z-d-c'-a-i-r-N; 
i       d  shunt  coils  would   both  be  cut  out,  but  the 
;iL  llov   ne  through  a  would  hold  up  d' .     The  cutting 
■  the  mu..j  coils  would  cause  the  rocker  to  drop  and  c 
■I  come  into  contact  with  i  and  j,   thus  cutting 
f  cut-out.     If  the  dropping  of  the  rocker 
ino  nke  the  carbons  come  together,  part  of  the 

■^^  ill  ss  through  the  series  coils  by  the  path 
-SS-ti-t-j-N ,  because  in  the  other  path  we  have  the 
usislance  r.  The  result  is  that  the  lamp  will  start  up 
in.  If  the  resistance  r  were  not  used,  the  path 
s-ii'^^a-i-N  would  be  of  low  resistance  compared  with 
S-j-S~S-3-ti-e-f-N,  and  the  lamp  would  not  relight;  hence, 
the  use  of  the  resistance  r.  If  a  carbon  should  become 
broken  or  fall  out,  all  the  current  would  for  an  instant 
pass  through  the  fine-wire  coils;  hence,  d'  would  at  once 
rise  and  cut  out  the  lamp.  Of  course,  in  this  case  c  would 
come  into  contact  with  i  and  j  and  remain  there,  because 
the  carbons  could  not  come  into  contact  again  and  allow 
the  lamp  to  relight.  If  no  cut-out  were  provided,  there 
would  not  only  be  danger  of  a  break  in  the  circuit,  due  to 
the  carbons  being  broken  or  failing  to  feed,  but  in  addition 
the  shunt  coils  would  be  burned  out  because  the  whole  cur- 
rent w<m!<l,  under  these  circumstances,  pass  through  them. 

50.  From  the  above  description,  it  will  be  seen  that  this 
lamp  works  on  the  differential  principle.  When  the  lamp  is 
not  in  operation,  the  carbons  are  together.  As  soon  as  the 
current  passes,  the  series  coils  separate  the  carbons,  thus 
starling  the  arc.  The  regulation  is  then  brought  about 
liy  the  opposing  action  of  the  shunt  coil  causing  the  release 
of  the  clutch. 


§18  ELECTRIC   LIGHTING.  49 

THE  THOMSON-HOUSTON   (T.   H.)  LuA.MP. 

61.  The  Thomson-Houston  open-arc  series  lamp  is  one 
that  has  been  very  largely  used  for  street  lighting  on  con- 
stant-current circuits.  Notwithstanding  the  fact  that  the 
mechanism  of  this  lamp  is  somewhat  complicated  and  con- 
tains a  large  number  of  parts,  it  has  given,  on  the  whole, 
very  good  service ;  in  fact,  it  may  be  said  of  most  of  the 
common  types  of  constant-current  lamps  that  although  the 
conditions  under  which  they  must  work  are  trying,  they 
have  given  good  service.  The  T.  H.  lamp  has  been  changed 
comparatively  little,  as  regards  its  main  features,  since  it 
was  first  brought  out.  Some  of  the  smaller  details,  such  as 
the  clutch,  cut-out  contacts,  etc.,  have  been  changed,  but 
the  general  arrangement  has  remained  much  the  same.  In 
the  later  lamps  the  insulation  of  the  frame  has  been  improved, 
owing  to  the  fact  that  more  lamps  are  now  run  on  a  circuit 
than  formerly  and  the  pressure  applied  to  the  circuits  is 
correspondingly  higher. 

52.  The  T.  H.  lamp  differs  considerably  from  the  dif- 
ferential lamp  just  described.  The  series  coil  is  u.sed  only 
to  start  the  arc,  and  when  the  lamp  is  in  operation  under 
normal  conditions,  no  current  flows  through  it.  The  regula- 
tion is  effected  by  means  of  the  shunt  coil  alone,  and  when 
the  lamp  is  not  burning  the  carbons  are  separated  instead  of 
being  together,  as  is  the  case  with  most  lamps.  Fig.  30  (a) 
and  {6)  shows  the  mechanism  of  the  T.  H.  double  lamp,  but 
for  the  present  we  will  confine  our  attention  to  Fig.  'M, 
which  shows  the  connections  and  the  general  arrangement 
of  the  essential  parts.  This  figure  is  intended  to  show  only 
the  principle  of  operation  and  is  n(^t  supposed  to  be  an 
exact  illustration  of  the  parts  of  the  lamp  itself,  as  some  of 
the  minor  parts  have  been  omitted  in  order  to  make  the 
diagram  as  simple  as  possible.  A  and  B  are  the  +  and 
—  terminals  in  the  shape  of  hooks,  so  that  the  suspending 
wires  may  also  be  used  to  conduct  the  current  into  the  lamp; 
E  E  is  the  carbon  rod  carrying  the  upper  carbon  ;;/  ; 
the  lower  carbon  ;/   is  supported  by  the  lamp  frame,  not 
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shown  in  the  figure;  /i  is 
rocker  frame  pivoted  at 
and  carrying  an  inm  armi 
tiire  O.    This  latter  has  tn 
holes  in  it.  through  whic 
the  conical  |x»le  pieces  of  tt 
magnet    project    when    til 
armature    is   pulled   dowi 
When    the    lannp    is  not  j 
operation,  this  frame  is  hel 
at   its  highest   position   b 
the    adjustable    spring    J 
the  movements  of  the  rocln 
arc  steadied  by  the  dashp< 
C;  s  is  the  series  coil  woui] 
over  the  shunt  coil  Af;  thei 
are  two  spools  side  by  sid 
as  shown  in  Fig.  30;  //  is 
small  coil  in  series  with  the 
carbons.      //    is    called    the 
starting  coil,  and   its  office 
is  to  cut  the  series  coil  s  into 
or  out  of  action.     It  is  pro- 
vided with   a   movable  ar- 
mature   A',     on    which    is 
mounted  the  insulated  con- 
tact /  tipped  with   silver; 
c   is    another    silver-tipped 
contact    connected    to    the 
point  r.     When  no  current 
fi.»ws  through  //,  r  and  / 
are  in  contact;  /  and  r  are 
the    cut-out    contacts,    the 
action  of  which  will  be  de- 
scribed later.  A  is  the  clutch 
and  its  action  is  very  simi- 
lar to  the  one  just  descrilied 
for  the  Brush  lamp. 
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53.  We  wUl  first  consider  the  operation  of  the  lamp 
under  ordinary  conditions.  In  Fig.  31  it  will  be  noticed 
that  the  clutch  L  and  frame  R  are  up  and  that  the  car- 
bons are   drawn   a   short   distance  apart.     In   order   that 


the  lamp  may  be  slartod,  iii  must  be  lowered  so  as  Ui 
touch  «,  and  this  is  ai-i'oiniilishcd  as  follows:  At  the  instant 
that  the  current  is  Uirned  on,  ,■  ami  /  are  in  contact, 
because  no  current  is  tluwin^;  through  //  ;  hence  ais  t>ouil  as 
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^  it  ukes  the  path  A-i  ihroagfa  tbc  s 
••  f"       ^—£-^-      (VacticaUr  no  current  woatd  go  fruot 
ti  ;  siiDat  coQ  tu  B  because  ui  the  hi^h  resistaace 

lu  rucDpanal  with  tbc  other.     As  sooa  as  the  cur- 

Dai  through  /.  tbc  T^xker  is  pulled  dt>wn  and  the 

>  ised,  bringing  tbe  carbnns  inctmUkct  and  alluw- 

be  current  to  take  the  palb  A~h~ff-E-m-H-B. 

(current  passes  thr<jugb  H,  the  armature  A'  is 
_     ._  Oft  separating  e  and  f  and  cmting  off  tbe  cur- 

tuit  li;  tbc  series  cuD  i  with  the  csctrpti-ia   <■£  the 

»*ll  correni  tbruugh  tbe  shunt  coil  J/.      The  result  is  that 
rocker  rises  and  carries  with  it  the  upper  cart>oa,  thus 
separating    tbe   carbons   and   starting    tbe    arc.     As   soun, 
buwevcr,  as  tbe  carbiins  are  separated,  there  is  ctmsideratile 
difference   of   prrtential    across  tbe    arc;    hence,    the    shunt 
coil  M  takes  its  normal  current  and  holds  the  rocker  at 
the  proper  point  to  give  tbc  length  of  arc  for  whicb  the  lamp 
.  at      stcd.      It  is  thus  seen  that   the  series  coil  is  cut  out 
r  the  arc  bits  been  started. 

54.  The  lamp  is  now  supposed  to  be  burning,  and  as  the 
arc  grows  longer  the  pull  of  tbe  shunt  coil  increases  and 
the  rocker  is  gradually  pulled  down  until  the  shoe  /of  the 
clutch  comes  against  the  stop,  and  any  further  movement 
causes  tbe  rod  E  to  slide  down  a  little.  The  pull  due  to  the 
shunt  coil  decreases  with  the  shortened  arc,  and  the  nx'ker 
rises  to  its  normal  position.  The  feeding  is  thus  brought 
at^H>ut  ljy  the  action  of  the  shunt  magnet  working  against 
the  spring  /'. 

.15.  If  the  carbons  should  slick  and  fail  to  feed,  the  arc 
will  gradually  grow  longer  until  the  pull  exerted  by  the 
shunt  magnet  will  be  sufficient  to  bring  the  cut-out  con- 
tact p  down  against  r.  The  current  will  then  take  the 
path  A-p-r-li-m-n-g-Ii  in  preference  to  passing  through 
//.  A' will  then  rise  and  bring  .■  and/  in  contact.  The 
rurrent  will  then  take  the  path  A-h~s-c-f-f-g-B\  the 
scries  coil  will  hold  down  the  armature  and  the  lamp  will  be 
cut  out  unless  the  movement  of  the  rocker  should  release 
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the  rod  and  allow  the  carbon  to  feed,  in  which  case  the  lamp 
will  continue  to  burn  and  rocker  R  will  rise  again,  thus 
separating  /  and  r. 

56.    If  a  carbon  should  fall  out,  the  current  through  the 
shunt  will  suddenly  increase  and  the  current   through  // 
will  be  interrupted.  A'  will  be  pulled  down,  and  /f  will  rise 
the  final  result  being  that  the  lamp  is  cut  out. 

67.  When  the  lamp  is  to  be  switched  out,  the  switch  ]V 
is  used.  This  switch  takes  the  form  of  a  cam  V  operated  by 
the  lever  //,  seen  at  the  top  of  the  lamp.  Fig.  30.  When  the 
handle  is  turned  to  one  side,  the  cam  comes  against  the  cast- 
ing that  carries  the  upper  cut-out  contact,  and  thus  estab- 
lishes a  short  circuit  from  terminal  to  terminal.  Fig.  30 
shows  the  general  arrangement  of  the  mechanism  of  this 
lamp.  The  lettering  of  the  parts  corresponds  to  that  given 
in  Fig.  31,  so  that  they  may  be  readily  identified. 


THE  wooi>  arc:  lamp. 

58.  This  lamp  operates  on  the  differential  principle  and 
has  been  made  both  for  clockwork  and  clutch  feed.  In  the 
clockwork  lamp  the  carbon  feeds  down  whenever  the  move- 
ment of  the  rocker  throws  the  pawl  out,  so  as  to  allow  the 
clockwork  to  operate.  In  the  clutch  lamp  the  movement  of 
the  rocker  controls  the  clutch  in  much  the  same  way  as  for 
the  lamps  already  described. 

Fig.  32  shows  the  general  scheme  of  connections  for  a 
Wood  lamp.  Here  the  series  coils  M  are  arranged  verti- 
cally above  the  shunt  coils  .S.  There  are  two  series  and  two 
shunt  coils.  Two  plungers  connected  by  a  crosspiece  i/"  are 
moved  up  and  down  by  the  coils,  or  solenoids,  as  described 
in  Art.  4!<J.  This  armature  moves  a  piv(^ted  frame,  not 
shown  in  the  sketch,  and  thus  brings  about  the  regulation. 

59.  When  the  lamj)  is  not  in  operation,  the  carbons 
are  together  and  the  plungers  are  at  their  lowest  position. 
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When  this  is  the  case,  pin  li  rests  on  spring  e,  which 
is  in  electrical  connection  with  the  framework  and  the 
carbon  rod  h.  When  the  current  is  turned  on,  it  takes  the 
paths  A-p-d-f-R-B 
\^  and  A-(^k-l-M~M- 
m-n~B.  The  resist- 
ance R  is  in  itself 
small,  but  it  is  fairly 
large  compared  with 
that  of  the  series 
c..ilR  M,  and  enough 
current  will  take  the 
path  through  the 
series  coils  to  lift  the  • 
plungers  and  start 
the  arc  by  separating 
the  carbons.  At  the 
same  time,  contact 
is  broken  between  d 
and  c,  so  that  all  the 
main  current  passes 
through  the  series 
coils.  The  shunt 
.S  are  connected 
'It;.  M.  across   the   arc,    and 

started,  they  set  up  a  pull  in  opposition 
When  the  arc  has  burned  to  a  certain 
length,  the  plungers  are  pulled  duwn  enough  to  allow  the 
carbon  to  feed.  Th«  action  of  the  lamp,  as  a  whole,  is 
almost  identical  with  that  of  the  elementary  lamp  described 
in  Art.  43. 


CSDiJ 


as  soon  as  the 
to  the  series 


OO.  If  the  rod  should  stick,  the  arc  gradually  grows 
longer  until  the  pull  of  coils  5  brings  d  down  against  e  and 
thus  cuts  out  the  lamp.  The  object  of  using  the  resistance  R 
is  to  enable  the  lamp  to  start  up.  If  A'  were  not  present, 
the  resistance  of  the  path /'-//-</-<■-//  would  be  so  low  com- 
pared with  the  path  p-h-k-l-M-M-m~n-B  that  not  enough 
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current  would  flow  through  the  series  coils  to  start  the 
lamp.  This  lamp  is  also  provided  with  a  rod  cut-out,  as 
shown  at  E^  F.  This  short-circuits  the  lamp  when  the  car- 
bons have  become  nearly  consumed.  C  is  a  hand  switch 
operated  by  turning  the  handle  D\  it  is  used  to  cut  the  lamp 
out  of  the  circuit  whenever  desired.  When  the  handle  D  is 
turned,  a  and  b  are  brought  into  contact,  thus  making  a 
direct  connection  between  A  and  B. 

61,  The  above  descriptions  of  three  of  the  leading  styles 
of  constant-current  series  lamps  will  give  the  student  an 
idea  as  to  the  main  features  of  such  lamps.  It  should  be 
noticed  that  in  all  of  them  the  arc  is  started  by  means  of  a 
series  coil  and  that  the  feeding  is  regulated  by  means  of  a 
shunt  coil.  Most  of  the  series  lamps  take  about  9.0  amperes 
for  the  2,000  candlepower  size  and  G.O  amperes  for  the 
1,200  candlepower  size.  The  voltage  across  the  arc  is  from 
40  to  50  volts  and  the  carbons  are  generally  -^  inch,  \  inch, 
^  inch,  or  f  inch  in  diameter. 


CONSTANT-CURRENT   SERIES  LAMPS  —  EXCLOSEJ>   ARC. 

&i.     Comparison  Bet>veen  Oi)en  and  Kiiclosed  Ares. 

Up  to  within  a  comparatively  recent  date,  the  open-arc  series 
lamp  had  the  field  of  street  lighting  practically  to  itself. 
The  constant-current  enclosed-arc  lamp  is,  however,  now 
being  extensively  installed.  It  is  used  nearly  altogether  for 
new  work,  and  is  replacing  the  older  open-arc  lamp  in  many 
places.  The  reason  for  this  is  not  that  the  old  lamps  were 
unsatisfactory  in  operation,  because  they  have  been  operated 
for  years  and,  taking  everything  into  consideration,  have 
given  admirable  service.  Neither  does  the  enclosed  arc 
give  more  light  than  the  open  lamp;  in  fact,  it  does  not  give 
quite  as  much  for  the  same  amount  of  power  consumed. 
Even  assuming  that  the  arcs  themselves  give  as  much 
light,  the  use  of  the  two  globes  in  the  case  of  the  enclosed 
arc  cuts  down  the  amount  of  light  more  than  does  the  single 
^.     III.— Hi 
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guiue  ifaat  is  used  with  tht-  ■>p(;n  arc.  This,  however,  is 
counter  l>a  la  need  by  the  m>>rc  agreeable  character  i>f  the 
ht  given  by  the  enclosed  arc.  The  strong:  contrasts  so 
noticeable  with  the  open  arc  ar«  s<jftened  down,  and  th« 
change  from  npen  to  enclosed  arcs  is  one  thai  is  generally 
popular,  even  if  the  intensity  of  illumination  is  somewhat 
reduced.  The  true  reason  of  the  change  is,  however,  th;il 
the  enclosed  arcs  are  cheaper  to  operate. 

03,     VoIIafiv  lloqulivtl  bySerlesEnelosed-Aw  I,niii|is. 

As  stated  previously,  the  enclosed  arc  is  much  longer  than 
lie  ofwn  arc.  This  is  necessary  because  the  carbims  do  not 
uccomc  pointed,  there  is  nn  well-defined  crater,  and  the  car- 
it  must  be  separated  considerably  to  allow  a  proper  dis- 
k....ution  of  light.  Also,  a  short  enclosed  arc  will  not  work 
well,  owing  to  the  deposition  of  carbon  on  the  carbon  points. 
These  lamps,  therefore,  take  a  rather  small  current,  and  the 
voltage  across  the  arc  is  high.  This  is  a  decided  advantage 
where  lamps  are  operated  in  parallel  on  constant -potential 
systems,  where  the  pressure  is  nearly  always  higher  Than  that 
actually  required  by  the  kimp  and  the  excess  voltage  has  to 
l>e  taken  up  by  a  resistance  or  choke  coil.  When,  however, 
it  comes  to  operating  lamps  in  series,  the  high  voltage  across 
the  arc  becomes,  to  a  certain  extent,  a  disadvantage.  It 
means  that  for  a  given  number  of  lamps  operated  on  a  cir- 
cuit, the  pressure  at  the  terminals  of  the  circuit  must  be 
higher  in  case  enclosed  arcs  are  used.  This  makes  it  diffi- 
cult to  operate  a  large  number  of  lamps  from  one  machine, 
but  by  using  the  multicircuit  arrangement,  the  pressure 
ai>|)lieil  to  each  circuit  may  be  kept  down.  Constant- 
current  arc  machines  are  now  built  to  generate  as  high  as 
11,000  volts,  which  is  about  equivalent  to  150  enclosed  arcs. 
It  is  quite  rommon  to  find  as  many  as  100  lamps  operated 
on  a  single  circuit.  It  must  be  remembered,  however,  that 
where  these  high  voltages  are  used,  the  line  insulation  must 
be  thoroughly  g'xid,  and  attempts  to  use  these  pressures 
upon  old  lines  having  |Mi<)r  insulation  have  resulted  in  con- 
tinual trouble,  to  say  nothing  of  the  danger  involved. 
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64,    Altematingr-Currcnt  Series  Eiiclosed-Are  Lumps. 

Enclosed  arcs  are  now  very  often  operated  in  series  by  con- 
stant current  on  alternating-current  systems,  i.  e.,  the  alter- 
nating current  through  the  series  of  lamps  is  maintained  at  a 
constant  value.  The  lamps  used  do  not  differ  essentially 
from  those  for  constant  direct-current  circuits,  except  that 
all  magnet  cores  and  armatures  are  laminated  to  prevent 
heating  due  to  eddy  currents,  and  the  mechanism  is  designed 
so  as  to  avoid  disagreeable  humming.  The  methods  for 
supplying  current  to  series  alternating-current  lamps  and 
the  arrangements  for  maintaining  the  current  at  constant 
value  will  be  taken  up  when  the  subject  of  station  apparatus 
is  considered. 

66.  Current. — Series  enclosed-arc  lamps  are  ordinarily 
operated  at  about  G.G  amperes,  and  the  voltage  per  lamp  is 
from  70  to  78  volts,  depending  on  the  length  of  arc  for 
which  the  lamp  is  adjusted.  These  lamps  have  also  been 
built  for  a  current  as  large  as  S  amperes,  with  a  correspond- 
ingly lower  voltage,  but  the  values  given  above  are  the  ones 
commonly  met  with. 

66.     Remarks  on  Enclosed- Arc  Tjamp  Construction. 

The  mechanism  of  an  enclosed-arc  lamp  generally  contains 
the  same  essential  features  as  the  corresponding  open  arc, 
but  in  most  cases  the  arrangement  is  simpler.  The  open 
arc  must  be  fed  frequently,  because  the  carbons  burn  at  a 
comparatively  rapid  rate  and  the  clutch  or  other  feeding 
mechanism  must  be  accurately  adjusted  and  kept  in  good 
condition  if  the  lamp  is  to  burn  steadily.  For  this  reason, 
the  upper  carbon  of  an  open-arc  lamp  is  attached  to  a  car- 
bon rod  on  which  the  clutch  operates,  and  which  is,  or 
should  be,  kept  in  a  clean,  polished  condition.  The  current 
is  generally  carried  to  the  top  carbon  by  means  of  a  coi)per 
brush  pressing  against  the  rod.  In  the  enclosed-arc  lamp 
the  operation  of  feeding  takes  place  at  comparatively  long 
intervals,  and  the  feeding  mechanism  does  not  need  to  be  so 
delicately  adjusted.     It  is,  therefore,  a  common  practice  to 
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vi;  the  clutch  operate  directly  on  the  carbon  and  to  dis- 
pense entirely  with  the  carbon  rod.  Such  lamps  are  spoken 
a£  as  having  a  <>ar1>ou  feed. 

The  doing  away  with  the  carbon  rod  makes  the  construc- 
tion simpler  and  cheaper,  besides  allowing  the  lamp  to  be 
made  shorter  than  is  usual  where  a  carbon  rod  is  used. 
Short  lamps  are  desirable  for  inside  work,  as  they  look 
better,  especially  in  places  where  headroom  is  limited. 
Some  enciosed-arc  lamps,  however — the  Wood  lamp,  for 
example — use  the  carbon  rod.  The  omission  of  the  carbon 
rod,  while  it  simplifies  the  construction  in  some  respects,  is 
not  without  its  drawbacks.  It  is  not  as  easy  to  conduct  the 
current  into  the  carbon  without  interfering  with  its  free 
movement,  and  the  contact  rings  or  other  devices  on  many 
of  these  lamps  give  trouble.  To  get  around  this,  some 
makers  use  a  flexible  cable  or  chain  attached  directly  to  the 
carbon  holder;  but  flexible  cables  are  also  apt  to  give 
trouble  unless  they  are  looked  after  and  kept  in  good  con- 
dition. 

On  account  of  the  long  arc  common  to  enclosed-arc 
lamps,  their  mechanism  must  be  arranged  so  that  it  will 
have  a  long  pick-up;  i.  e.,  when  the  lamp  starts  up  the 
mechanism  must  be  such  as  to  pull  the  carbons  a  consider- 
able distance  apart.  In  the  case  of  series  lamps,  an  auto- 
matic cut-out  must,  of  course,  be  provided. 

67.  In  taking  up  the  subject  of  enclosed-arc  lamps,  we 
will  confine  our  attention  to  two  or  three  typical  examples 
that  will  serve  to  bring  out  the  essential  points  relating  to 
their  construction  and  operation.  The  number  of  different 
makes  of  enclosed-arc  lamp  is  very  large,  but  they  differ 
from  each  other  principally  in  details  of  construction. 
The  principles  of  operation  are  about  the  same  in  all  of 
them,  and  the  following  are  not  selected  because  they 
operate  any  better  than  several  others,  but  because  they 
will  serve  to  bring  out  the  points  aimed  at. 

08,  S*!i*k*«  Kncloscd-Aif  L>anii>s  Tar  CouMtiiut  IHrcct 
Gurruiit. — Fig.  3'd  shows   the  genera!  arrangement  of  the 


ELECTRIC    LIGHTING. 


fiiriire  shows  the  iirninKement 


mechanism  of  a  series  enclused-arc  lamp  made  by  the  Gen- 
eral Electric  Company  and  designed    for    use  on  constant 

direct -current  circuits.     This 
of   the   essentia]    parts 
i>f    the    mechanism    in 
order   to   bring  out  its 
method    of    operation, 
and  Fig.  34  shows  the 
general  scheme  of  con- 
nections.     In  some  re- 
sjiects,  it  resembles  the 
Brush    series    open-arc 
lamp     previously    de- 
scribed.     It  is   of    the 
differential    type,    and 
is    provided   with    two 
series  coils  M  and  two 
shunt    coils    6".      In 
Fig.  33,  only  one  of  each 
of  these   coils   is  seen, 
as  they  are  in  line  with 
each  other.      A  tube  T 
holds    the     upper    and 
lower  parts  of  the  lamp 
loKethcr,  and  in  it  the 
carbon   holder  //,    car- 
rying the  upper  carbon 
^'    is  free  to  slide  up 
and  down.     Ciirrent  is 
carried  to  U  by  means 
of  the   flexible  asbestns-i; 
carbon  up  and  down  thi 
tube.      The  rocker   is   made   i 
at  a'  and  b  hinged  at  //.     Thw 
spring  c  that  will  allow  one  am- 
of  the  other  to  a  slight  extent 
lamp  steadier.      The  inm  :irniatiires  //a 
these  levers,  as  show 


up  the 


'•"■iijjy  after  the  lamp  has  Just  boen  started.  When  the 
I;imii  is  "ut  of  circuit,  armature  i  is  up  at  its  farthest  posi- 
tion atnl  armature  li  is  down,  the  clutch  ring  t  rests  on  the 
trj|)j(jnt!  tahic  /and  the  carbons  are  together.  A  dashpot  m 
1%  (irovidcd  to  steady  the  action  of  the  lamp,  and  the  cut- 
'rtit  prcvrrvcH  the  continuity  of  the  circuit  and  protects  the 
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shunt  coils  in  case  the  carbons  should  fail  to  feed  or  should 
be  broken.  The  cut-out  consists  of  a  crosspiece  n  carried 
by  the  clutch  rod,  but  insulated  from  it,  and  provided  with 
silver  contact  pieces.  Below  the  crosspiece,  two  insu- 
lated contacts  ^,  ^,  also  tipped  with  silver,  are  arranged. 
When  the  current  in  the  shunt  coils  becomes  excessive,  the 
armature  c  is  pulled  up  so  far  that  n  is  brought  into  contact 
with  ^,  2'  and  the  lamp  is  cut  out,  unless  the  carbons  feed 
down  so  as  to  enable  it  to  start  again. 

69,  By  referring  to  the  diagram.  Fig.  34,  the  action  of 
the  lamp  under  normal  conditions  will  be  understood.  The 
coils  M^  M  are  provided  with  a  single  winding  of  heavy 
wire  that  is  capable  of  carrying  the  current  used  on  the 
circuit.  The  coils  M^  M  are  here  shown  below  5,  ^'  for  the 
sake  of  clearness,  but  it  will  be  understood  that  the  two 
pairs  are  opposite  each  other,  as  shown  in  Fig.  33,  and 
oppose  each  other  by  pulling  on  the  armatures  of  the 
rocker.  The  bulk  of  the  winding  on  coils  5,  5  consists  of 
a  large  number  of  turns  of  fine  wire.  This  winding  is  in 
shunt  with  the  arc,  and  its  terminals  are  shown  at  ,i',  y.  In 
addition  to  this  shunt  winding,  each  coil  .V,  .V  is  provided 
with  a  few  turns  of  heavy  wire,  the  terminals  of  which  are 
shown  at  5,  6\  7,  and  H.  These  coils  are  in  parallel  with 
the  main  coils  M^  il/and  are  known  as  compensating  coils; 
r  is  an  adjustable  resistance  in  shunt  with  the  series  coils 
to  enable  the  current  passing  through  them  to  be  adjusted. 
The  resistance  P'\%  connected  in  series  with  the  cut-out,  as 
shown,  and  is  used  to  enable  the  lamp  to  start  up,  as  pre- 
viously explained  in  connection  with  the  Brush  and  Wood 
lamps.  The  switch  [Tis  provided  to  short-circuit  the  lamp 
when  it  is  desired  to  cut  it  out  of  circuit. 

70.  When  the  lamp  is  not  burning,  the  weight  of  the 
moving  parts  causes  the  armature  c  to  come  uj)  against  .S', 
Fig.  33,  the  carbons  are  in  contact,  the  clutch  /'  rests  on  the 
tripping  table  /,  and  ;/  is  in  contact  with  ?,  .?'.  As  soon  as 
the  current  is  turned  on,  part  of  it  takes  the  path  T-\ — ()- 
P-2-n-2'-t-'J\   Fig.    34.      On  account   of  the    resistance    /* 
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TCTCT,  ibc  p'caiter  pan  will  lake  the  path  T-i—OSS- 
Vt-Jt-C-t'-i-T,  because  the  carboos  are,  at  the  start,  in 
lontact-  This  will  entrrgise  th«  series  cutis  Jf.  M,  and  tlic 
armature  ■/,  Ptg.  S^f.  will  be  pulled  up,  tfaos  catting  off  the 
current  thri>ugh  the  resistance  /"by  raising  i«  off  2,  ?*.  A 
certain  amoant  of  commt  also  passes  throagh  the  coarse- 
wire  coils  wuuQd  under  ^,  S  from  n  to  II  and  through  the 
paths  0-C-lt*-tl  and  (»-~-i/.  but  the  cods  .1/.  ,lf  arc  so 
much  more  strongly  magnetized  than  .S',  .V  that  the  arma- 
t  f/  is  palled  ap  against  the  attraction  exerted  od  r, 
.  33.  As  soaiR  a»  the  armature  >/  is  drawn  up  hy  the 
enes  magnets,  the  carbons  are  separated  and  current  then 
fs  through  the  shunt  winding  by  the  path  lO-j^S—S- 
^-£—T;  the  shunt  coils  are  practically  connected  across 
the  terminals  ni  the  arc  and.  as  the  carbnns  are  pulletl 
apart,  the  current  through  these  coils  increases.  As  arma- 
ture J  is  pulled  up,  therefore,  the  pull  mi  r  is  increased 
and  a  p<.>int  is  soon  reached  where  the  two  pulls  arc  bal- 
anced. As  the  carbons  bum  away,  e  ts  raised  still  more, 
the  carNins  are  brought  nearer,  and  clutch  k  moves  down 
with  the  carbon  until  finally  Jb  rests  on  the  table  /,  Fig.  33, 
and  any  further  downward  movement  of  the  rod  /  lowers^ 
and  releases  the  clutch.  This  allows  the  lamp  to  feed  and 
armature  c  then  lowers  to  its  nurmal  position.  If  the  car- 
bons should  stick  and  the  arc  bccume  abnormally  long,  c 
would  be  pulled  up  far  enough  to  bring  «  in  contact  with 
■i.  2'.  The  current  would  then  take  the  path  through  the  re- 
sistance /'and  the  series  coils  would  be  cut  out.  The  shunt 
coils  would,  however,  still  be  subjected  to  a  small  E.  M.  F., 
due  to  the  drop  through  }\  and  the  armature  c  would  be 
firmly  held  in  place.  If,  in  the  meantime,  the  carbon  should 
become  released  and  slip  down,  the  current  would  take  the 
path  through  the  scries  coils  and  carbons  in  preference  to 
that  through  the  resistance  P.  This  would  bring  the  series 
coils  into  action  and  cause  the  lamp  to  start  up. 

71.     C'oniiK'nsiitlon  ft»r  IIciithiK. — In  order  to  keep  the 
voltage  at   the  arc  of  a  constant-current  scries  lamp  at  a 
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uniform  value,  it  is  necessary  to  have  some  automatic 
device  to  compensate  for  the  increase  in  resistance  of  the 
shunt  coils  due  to  the  heating  of  the  lamp.  The  shunt  coils 
have  a  considerably  higher  resistance  after  the  lamp  has  been 
running  an  hour  or  two  than  when  the  lamp  is  first  started. 
Now,  the  voltage  across  the  shunt  coils  is  equal  to  the  volt- 
age across  the  arc,  and  if  the  arc  is  to  be  maintained  at  the 
same  length,  some  means  must  be  provided  for  kcepinj:^  the 
pull  exerted  by  the  shunt  coils  uniform.  A  number  of 
methods  have  been  adopted  to  accomplish  this.  One 
common  method  for  differential  lamps  is  to  .shunt  the  series 
coils   by  means  of  a    resistance  having  a  low  temperature 
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coefficient,  i.  e.,  a  resistance  that  increases  hut  very  little 
with  an  increase  in  temperature.  When  the  coils  become 
heated,  the  pull  of  the  shunt  coil  decreases,  but  the  pull  of 
the  series  coils  also  decreases,  bet^iuse  they  become  heated 
and,  being  of  copper,  increase  considerably  in  resistance,  so 
that  more  of  the  current  passes  thnnigh  the  shunt  having  a 
low-temperature  coefficient.  ¥'\^.  35  is  a  simplified  diagram 
of  connections  for  the  lamp  shown  in  Fig.  33.  M,  J/are  the 
main  series  coils  and  S\  S'  the  compensating  coils  that  con- 
stitute the  shimt  to  y1/,  M  and  take  an  increasing  amount  of 
current  from  J/,  M  as  these  series  coils  become  heated. 
The  result  is,  that  although  the  pull  of  5,  ^'decreases  as  the 
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'amp  warms  up,  the  balance  between  the  shunt  and  series  is 
naintained  and  the  voltage  at  the  arc  kept  at  its  proper 
value.  In  some  cases  the  lamp  is  provided  with  a  thermo- 
stat that  closes  a  circuit  and  cuts  out  part  of  the  shunt  coil. 


thus  dfcrcasinjt  its  resistance,  when  the  lamp  becomes  hot. 
Fig.  'Mi  shows  the  connections  of  the  Gilbert  enclosed-are 
lamp  for  constant-current  circuits.  This  is  a  differential 
lamp  using  a  thermostat  to  cut  out  part  of  the  shunt  coil 
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wheo  the  lamp  becomes  hot.  The  thermostat  i 
simply  of  a  curved  strip  of  metal  attached  to  the  frame  of 
the  lamp.  When  the  frame  becomes  heated,  the  expansion 
of  the  strip  a  brings  it  into  contact  with  ^,  thus  cutting  out 
part  of  the  shunt  coil.  In  this  lamp,  the  shunt  and  series 
coils  are  arranged  one  directly  above  the  other  and  act  on  a 
movable  core  that  operates  the  clutch.  From  what  has 
been  said  regarding  the  lamps  previously  described,  the 
student  should  be  able  to  trace  out  the  circuits  in  Fig.  :i*I. 
The  adjustalile  resistance,  like  that  of  all  the  other  lamps 
described,  is  in  parallel  with  the  series  coil  and  is  used  to 
adjust  the  length  and,  hence,  the  voltage  of  the  arc. 


shows  the  general  appearai 


12.  Fig. 
series  enclosed-arc  lamp.  This  lamp 
is  provided  with  a  regular  carbon  rod, 
instead  of  a  carbon  feed,  and  there- 
fore must  be  provided  with  a  chim- 
ney A.  This  figure  shows  the  gen- 
eral arrangement  of  the  enclcising 
globe  with  its  gas  cap. 

In  cnclosed-are  lampsof  thecarbon- 
fted  type  there  is  always  a  consider- 
able length  of  the  upper  rarbr)n  ihat 
cannot  be  fed  down.  This,  however, 
docs  not  involve  any  waste,  as  the 
length  of  upper  carbon  left  over  is 
sufficient  for  use  as  a  lower  carbon 
when  the  lamp  is  retrimmed. 

Series  constant -current  cnclosed-arc 
lamps  of  the  types  just  described 
usually  operate  at  'i.S  amperes  with  a 
voltage  of  about  7'i  across  the  arc. 
The  lamp  shown  in  Fig.  35  uses  J-inch 
solid  carbons  and  burns  from  I'm  lo 
12(»  hours  without  retrimming.  In 
alternating-current  lamps  the  ['>]i  car- 
bon is  cored  and  the  bottom  solid. 
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73.  Series  AilematlnB-Currcnt  Eneloswl-Arc  lAmpH. 

These  need  no  special  description,  as  their  principle  of  opera- 
on  is  exactly  the  same  as  the  direct- current  lamp.  They 
are  nearly  always  <if  the  differentiiil  tyjie,  and  the  main 
ritfferenc*  is  in  the  few  const ructiunal  details  referred  to  in 
previous  articles. 


CX>ireTANT-POTENTlALi    ARC   LAMPS. 

74.  As  soon  as  the  encltwed  arc  was  introduced,  it 
ilmnst  immediately  replaced  the  open  arc  for  constant- 
potential  work.  We  will  therefore 
confine  our  attention,  in  considering 
constant-potential  lamps,  to  the  en- 
closed tyjre.  The  great  advantages 
of  the  enclosed-arc  lamp  for  this 
work  are  the  high  voltage  and  small 
current  required,  which  enables  them 
to  be  operated  singly  across  the 
mains,  also  the  soft,  steady  light  and 
the  long  life  of  the  carbons. 

75.  The  mechanism  of  the  con- 
stant-potential enclosed-arc  lamp  is, 
as  a  rule,  very  simple.  The  feeding 
is  controlled  by  a  magnet  connected 
in  series  and  there  is  no  need  of  a 
cut-out.  The  lamp  should,  however, 
be  connected  to  the  circuit  through 
fuses,  so  that  it  will  at  once  be  dis- 
connected in  case  of  a  short  circuit 
anywhere  in  the  mechanism.  The 
series-controlling  magnet  is  usually 
arranged  so  that  it  attracts  a  core 
or  plunger  against  the  action  of  a 
spring  or,  more  commonly,  against 
the  action  of  gravity. 
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76.  DIroct-Curpeiit  Constunt-Potcotlal  Enoloscd-Arc 
LAmps. — Fig.  38  shows  a  lamp  that  is  similar  in  many 
respects  to  the  constant-current  tamp  previously  described. 
The  general  features,  such  as  the  framework,  clutch,  method 
of  carrying  current  into  the  upper  carbon,  etc.,  are  the 
same  in  both.     The  magnets  M  are  in  series  and  arran^jed 


so  as  to  pull  up  the  plunger  p.  This  plunger  operates  the 
clutch  rod  and  its  movements  are  dampened  liy  means  of 
the  dashpot  d.  R  is  the  resistance  wound  on  an  insulating 
cylinder  and  connected  in  scries  to  take  up  the  excess 
voltage  and  steady  the  action  of  the  lamp.  Fig.  ;ili  shows 
the  genera)  arrangement  of  the  mechanism  and   gives  the 


r^  1  ■Timmnr  iipwiarfwMi 
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«7.  Ftg.  W*  $b»ws  another  form  of 
b  crmstant-poirntul  «)cl<i6nl-arc  lamp,  of 
whirb  thciK  arc  a  Lugr  number  in  use. 
This  lamp  is  very  hcarily  cnnstructcd, 
and  has  a  rather  peculiar  clutch  and 
riintaci  arrangement  fur  carrying  the 
current  into  the  upper  carbon. 
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There  is  but  one  solenoid  s,  which  is  connected  in  series 
with  the  carbons  and  has  a  compact  magnetic  circuit  through 
the  yoke  /,  the  conical  core  i\  and  the  armature  a.  The 
armature  carries  at  its  lower  end  a  pan  /  containing  four 
clutch  rings  r  that  fall  by  gravity  and  grip  the  carbon  r 
by  wedging  between  the  carbon  and  the  inclined  side  of 
the  pan.  As  the  carbon  falls  by  reason  of  the  consumption 
at  the  arc  or  through  the  current  being  interrupted,  the 
pan  is  lowered  until  the  rings  are  caught  by  the  tube  /, 
which  is  supported  by  the  frame  of  the  lamp.  This  action 
releases  the  carbon,  which  then  falls  towards  the  lower  car- 
bon c\  but  the  consequent  reduction  of  resistance  causes  a 
large  current  to  flow  through  the  coil  s,  which  draws  up 
the  armature,  and  with  it  the  carbon  c,  to  the  normal 
height.  Regulation  is,  then,  effected  by  the  differential 
action  of  a  series  coil  and  gravity,  for  the  moving  system 
is  designed  to  have  considerable  weight.  The  upper  carbon 
is  held  in  a  sheath  d,  which  permits  the  using  of  shorter 
carbons  than  would  otherwise  be  necessary.  The  sheath 
will  readily  pass  between  the  clutch  rings  and  through  the 
tube  /.  The  current  is  conducted  to  the  carbon  by  means 
of  sixteen  contact  rings  <^/,  enclosed  within  a  box  t'  and 
making  a  flexible  contact  with  the  carbon.  The  inner 
globe  j^  surrounds  the  carbons  and  is  supported  by  the  arm 
or  yoke/".  The  outer  globe  fits  over  the  plate  /i  at  the  bot- 
tom and  is  secured  at  the  top  by  a  circular  nut  at  /,  the 
joint  being  packed  by  means  of  asbestos  gaskets.  The 
space  immediately  above  //  and  below  the  inner  globe  is 
intended  for  the  rheostat.  In  the  later  styles  of  this  lamp 
the  rheostat  is  placed  in  a  small  metal  case  at  the  top  of  the 
lamp. 

78.  Alternatinpf-Ciirrcnt  Constant- Potential  En- 
closed-Arc  La-mps. — Fig.  41  shows  the  arrangement  of  an 
alternating-current  constant-potential  lamp.  The  general 
ap[)earance  of  the  lamp  is  almost  exactly  the  same  as  that 
shown  in  Fig.  38.  The  principal  distinguishing  feature  of 
the  alternating-current  lamp  is  the  use  of  the  reactance,  or 
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apparent  resistance  into  the  circuit  which  counterbalances 
the  excess  voltage  and  makes  the  lamp  stable  in  its  opera- 
tion. The  reactance  coil  is  more  economical  than  a  resist- 
ance, but  it  and  the  series  magnets  introduce  self-induction 
into  the  circuit  and  thus  make  the  lamp  have  a  power  factor 
less  than  1.  A  load  of  alternating-current  arc  lamps  is 
always  inductive,  and  this  has  in  some  instances  been  used  as 
an  argument  against  them.  They  are,  however,  well  adapted 
for  stations  already  equipped  with  alternating-current  appa- 
ratus and  where  it  is  desired  to  operate  arc  lamps  with  the 
least  expense  for  additional  equipment.  The  frequency 
should  not  be  below  60  cycles  per  second  for  satisfactory 
operation. 

The  lamp  just  described  will  operate  anywhere  from  GO 
to  140  cycles.  It  takes  about  72  volts  at  the  arc  and  burns 
from  80  to  100  hours.  The  upper  carbon  is  cored  and  the 
lower  carbon  solid. 

79,     Connections   for    ConKtant-Poteiitlal    Lamiis. — 

Fig.  21  shows  constant-potential  lamps  connected  across  a 
110- volt  circuit.  Each  lamp  should  be  connected  to  the 
mains  through  any  good  style  of  double-pole  fuse  block. 
In  most  cases,  it  is  also  desirable  to  equip  each  lamp  with  a 
switch  in  addition  to  the  switch  that  is  on  the  lamp  itself, 
as  this  switch  is  not  always  easily  accessible.  Where  sepa- 
rate switches  are  used,  they  should  be  double-pole  if  the 
lamp  takes  more  than  3  amperes.  In  connecting  up  con- 
stant-potential lamps,  the  branch  wires  should  be  propor- 
tioned for  at  least  50  per  cent,  more  current  than  the  lamp 
takes,  because  at  starting  the  current  may  be  much  in 
excess  of  the  normal.  Fig.  22  shows  constant-potential 
alternating-current  lamps  connected  on  a  104:-volt  alter- 
nating-current circuit.  The  connections  are  practically  the 
same  as  those  shown  for  the  direct-current  circuit,  except 
that  the  lamps  are  here  fed  from  the  secondary  of  the 
transformer.  Enclosed  arcs  are  also  made  for  operation  on 
220-volt  circuits,  but  these  high-vcjltage  lamps  are  not  as 
efficient  as  those  for  lower  voltage. 

J.   iiL—n 
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Enclosed  arcs  are  sfimelimcs  operated  two  in  series  on 
-voU  mains,  or  four  or  five  in  serits  on  500-voIt  mains 
where  it  is  desired  to  operate  a  few  arc  lamps  from  a  power 
circuit.  This  method  of  operation  is,  however,  not  as  satis- 
factory as  when  each  lamp  is  independent  and  it  is  only 
adopted  in  case  of  necessity. 


CABK  ANT»  AD.ri7STMENT  OF  AIM^  IxVMPS. 

80.  Oeneral  Itciiiarks. — If  an  arc  lamp  is  kept  clean, 
and  if  the  current  and  voltage  at  which  it  is  operated  are 
maintained  at  ihe  values  for  which  it  is  designed,  it  will 
give  tittle  trouble.  This  assumes,  of  course,  that  the  lamp 
is  substantially  made.  Cheapness  seems  to  be  the  principal 
object  in  some  lamps,  and  while  the  first  cost  of  such  is  low. 
the  bill  for  repairs  is  heavy  and  they  are  much  the  more 
expensive  in  the  long  run.  The  older  styles  of  ojwn-arc 
series  lamps  were  usually  heavily  built  and,  as  a  rule,  gave 
giKxl  service.  We  will  first  consider  some  points  in  connec- 
tion with  lamps  of  this  class. 

81.  TrlniinlnK- — Most  open-arc  series  lamps  arc  pro- 
vided with  a  carbon  rod  on  which  the  clutch  operates.  If 
this  n>d  is  dirty  or  greasy,  the  clutch  will  not  work  properly 
and  the  lamp  will  givL-  poor  service.  When  trimming  the 
lamp,  the  rods  should  never  be  pushed  up  when  they  are  in 
a  dirty  condition. 

Dirt  on  the  n>d  is  apt  tu  cause  pitting,  due  to  the  burning 
action  of  the  current  where  it  passes  into  the  rod  from  the 
contact  spring  or  bushing.  If  the  rods  are  at  all  dirty, 
they  should  be  rubbed  down  with  a  piece  of  worn  crocus 
cloth.  When  trimming  the  lamp,  care  should  be  taken  to 
see  that  the  carbons  are  of  the  proper  length.  Lack  of  care 
in  this  particular  is  often  responsible  for  burned  carbon  rods 
and  carbon  holders.  The  carbons  should  be  placed  so  that 
they  are  vertically  in  line    with  each  other,  and  the   upper 
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carbon  must  have  enough  vertical  play  to  allow  the  lamp  to 
pick  up  its  arc. 

82.  Adjustments. — The  principal  points  to  look  out 
for  in  adjusting  an  arc  lamp  are  to  see  that  the  arc  burns  at 
the  proper  length  and  that  the  carbon  is  fed  down  smoothly 
without  any  hissing  or  flickering.  For  an  ordinary  1,200 
nominal  candlepower  open-arc  lamp,  the  arc  should  be  about 
^\  inch  in  length;  for  a  2,000  candlepower,  from  ^^  inch  to 
5^  inch.  The  exact  length  will  depend  somewhat  on  the 
quality  of  the  carbons.  If  the  arc  is  too  shctrt,  it  is  liable 
to  hiss,  or  if  the  current  is  too  large,  hissing  is  apt  to  result. 
An  arc  that  is  too  long  will  flame  badly  and  the  lamp  will 
take  more  voltage  than  it  should.  Poor  quality  of  carbons 
will  also  cause  flaming  or  hissing.  The  length  of  arc  and 
the  feeding  point  may  be  regulated  by  proper  adjustment  of 
the  clutch.  Directions  for  adjusting  each  particular  make 
of  lamp  are  furnished  by  the  makers,  but  as  a  rule  such 
adjustments  are  easily  learned  by  an  inspection  of  the  lamp 
itself.  In  some  cases  the  clutch  and  rod  may  become  so 
worn  that  they  must  be  replaced  before  a  satisfactory  opera- 
tion can  be  obtained. 

A  good  method  to  follow  in  adjusting  lamps  is  to  connect 
an  ammeter  in  series  and  a  voltmeter  across  the  terminals 
of  the  lamp.  The  first  thing  to  look  out  for  is  to  see  that 
the  dynamo  is  maintaining  the  proper  current  in  the  circuit. 
If  it  is  not  doing  so,  the  regulator  on  the  dynamo  should 
be  adjusted  until  it  does.  The  lamp  should  be  hung  in 
some  place  where  it  will  not  be  exposed  to  drafts  of  air, 
because  such  drafts  may  cause  the  arc  to  hiss  or  flame 
even  if  it  is  properly  adjusted.  A  rack  should  be  provided 
for  supporting  the  lamps  at  such  a  height  that  the  mecha- 
nism may  be  easily  inspected.  By  watching  the  fluctuations 
of  the  voltmeter  as  the  lamp  burns,  a  good  idea  may  be 
formed  as  to  the  smoothness  with  which  the  lamp  feeds.  A 
recording  voltmeter  is  very  convenient  for  this  work,  as  the 
lamp  may  be  left  to  itself  for  some  time,  and  the  voltmeter 
will  draw  a  chart  indicating  the  variations  in  voltage  during 
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the  time.  If  the  vnlta^e  goes  very  much  above  or  lielow 
the  normal,  the  voljjncler  record  will  show  it  at  once.  The  . 
lamp  man  knows  from  experience  just  about  what  the  type 
of  lamp  he  is  working  with  is  capable  of  doing  in  the  way 
of  feeding  closely,  and  he  can  tell  at  a  glance  whether  the 
performance  can  l>e  improved. 

S3.  JJurned-Out  Colls. — The  controlling  coils  of  series 
arc  lamps  are  frequently  burned  out  and  have  to  be  re- 
wound. Burn-outs  may  arise  from  a  number  of  different 
cau.ses.  Lightning  is  frequently  responsible  for  them,  as  it 
breaks  down  the  insulation  of  the  lamp  or  punctures  the 
insulation  between  the  layers  of  the  winding.  One  of  the 
most  frequent  causes  of  burned-out  shunt  spools  is  a  defective 
cut-out.  If  the  carbons  stick  and  the  cut-out  fails  to  work, 
the  arc  grows  so  long  that  the  current  in  the  shunt  coils 
becomes  excessive,  and  they  are  sure  to  be  burned  out. 
The  cut-out  contacts  should  be  kept  in  good  condition,  and 
if  burned  or  oxidized,  they  should  be  carefully  cleaned. 
Neglect  to  look  after  the  cut-out  part  of  the  lamp  will 
surely  result  in  the  rewinding  of  shunt  spools,  and  as  these 
are  wound  with  fine  wire  they  are  a  comparatively  expensive 
part  to  repair.  In  some  lamps  the  action  of  the  cut-out 
depends  on  the  movement  of  the  rocker,  for  example,  the 
T.  H.  lamp;  hence,  it  is  important  to  see  that  the  frame 
moves  freely.  If  the  lamp  is  improperly  adjusted  so  that  it 
burns  with  an  abnormally  long  arc,  the  current  through  the 
shunt  will  be  greater  than  it  should  be.  This  will  cause  the 
ci)iIsto  overheat,  and  while  it  may  not  result  in  a  burn-out 
at  once,  it  is  very  apt  lo  lead  to  it  in  time  by  causing  deterio- 
raticm  of  the  insulation  and  consequent  short  circuiting 
between  layers.  A  similar  result  may  be  caused  by  the 
line  current  being  above  the  normal,  and  in  this  case  the 
series  coils  would  also  be  affected.  Generally,  however, 
the  series  ctiils  will  stand  a  reasonable  overload  without 
greatly  overheating.  Series  lamps  should  cut  out  promptly, 
if  the  upper  carbon  is  pushed  up  while  they  are  burning. 
If  they  do  not  do  so,  there   is  something  wrong  with  the 


§  18  ELECTRIC  LIGHTING.  75 

cut-out  and  the  trouble  should  be  remedied  before  the  lamp 
is  sent  out. 

84.  Most  of  the  above  also  holds  true  with  regard  to 
series  enclosed  arcs.  There  is  even  more  danger  of  the  car- 
bon sticking  and  failing  to  feed  properly  in  these  lamps  than 
in  the  open  arcs,  because  the  carbon  must  pass  through  the 
cap  of  the  enclosing  globe,  and  if  the  carbon  has  not  been 
gauged  beforehand,  a  slight  unevenness  may  cause  it  to  stick. 
It  is  therefore  important  to  see  that  the  cut-out  is  kept  in 
good  condition  and  that  there  are  no  uneven  places  on  the 
carbons  when  they  are  put  in  the  lamp. 

86.  Trtminlng  Enclosed-Arc  LaTni>s.  —  Generally 
speaking,  it  is  necessary  to  clean  the  enclosing  globe  every 
time  the  lamp  is  trimmed.  If  it  is  allowed  to  go  longer 
without  trimming,  it  becomes  covered  with  such  a  thick 
deposit  that  a  considerable  part  of  the  light  is  cut  off.  This 
cleaning  can  be  done  to  much  better  advantage  at  the 
station  than  at  the  point  where  the  lamp  is  installed,  so  that 
the  lower  globes  are  brought  back  to  the  station  for  retrim- 
ming  and  are  there  washed  by  means  of  special  appliances 
for  the  purpose.  When  the  trimmer  goes  out,  he  takes  a 
clean  lot  of  globes,  provided  with  lower  carbons,  and 
replaces  the  old  ones.  Care  should  be  taken  to  see  that 
the  carbons  used  are  of  the  proper  length.  The  upper 
carbons  are  purchased  in  the  desired  length,  but  the  lower 
carbons  are  very  often  made  up  of  the  part  left  over  from 
the  top  carbon.  These  pieces  will  vary  in  length,  and  they 
should  be  cut  to  gauge  before  being  placed  in  the  bottom 
holders.  The  upper  carbons  should  all  be  gauged  to  make 
sure  that  they  will  pass  through  the  cap  freely.  For  a  ^-inch 
carbon,  the  maximum  allowable  diameter  is  about  .52  inch 
and  the  minimum  diameter  .5  inch.  If  the  carbon  is  smaller 
than  the  allowable  amount,  there  will  be  too  much  air 
admitted  to  the  enclosing  globe  and  the  arc  will  flame 
badly.  Only  the  best  quality  of  carbons  should  be  used  in 
enclosed-arc  lamps,  otherwise  the  enclosing  globe  will  become 
thickly  covered  with  deposit.     Attention  should  be  paid  to 
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the  gas  caps  of  enclosed-arc  lamps  and  also  to  the  joint 
between  the  giobt  and  the  bottom  carbon  holder.  If  there 
is  too  much  air  admitted,  the  carbons  will  be  consumed 
rapidly.  If  the  jjlobes  are  loo  light,  verj-  little  air  mil  be 
admitted  and  the  uncunsumcd  carbon  will  be  deposited  on 
the  globe. 

SB.  Since  most  enclosed-arc  lamps  have  a  carbon  feed,  it 
is  necessary  ti>  see  that  the  carbons  are  smfxith,  because 
Totigh  spots  will  interfere  with  the  operation  of  the  clutch. 
If  necessary,  rough  sjiots  should  be  smoothed  down  with 
sandpaper.  Constant-potential  lamps  have  no  cut-out  to  give 
trouble,  but  they  have  a  resistance  coil  that  fully  counter- 
balances the  cut-out  in  this  respect.  If  the  carbons  stick  and 
fail  to  feed,  the  lamp  goes  out,  but  if  the  lamp  does  not  pick 
up  properly,  the  carbons  being  in  contact,  the  resistance 
offered  by  the  arc  will  be  absent  and  a  current  much  larger 
than  the  normal  will  flow.  If  the  fusible  cut-out  in  scries 
with  the  lamp  does  not  blow,  the  resistance  will  be  very 
liable  to  overheat  and  burn  out.  There  is  also  danger  of 
the  insulation  on  the  series  controlling  magnet  being  dam- 
aged. It  is  a  common  occurrence  to  find  constant -potential 
lamps  that  have  been  designed  and  adjusted  for  104  to 
111)  volts  running  on  circuits  where  the  voltage  is  as  high 
as  1^5  or  1;10.  Of  course,  under  these  circumstances  the 
lamp  takes  a  current  larger  than  it  should,  and  it  must  not 
he  forgotten  that  the  heating  effect  in  the  resistance  coil 
ami  iither  parts  of  the  lamp  runs  up  as  the  square  of  the 
current.  A  comparatively  slight  increase  in  the  current 
will,  therefore,  result  in  quite  a  large  increase  in  the  heat 
developed,  and  this  in  the  course  of  time  is  sure  to  result 
injuriously.  An  abnormal  current  is  also  liable  to  melt  the 
enclosing  globe.  Of  course,  many  of  the  burn-outs  on  these 
lamps  may  he  traced  to  faulty  design  or  construction,  but 
at  the  same  time  it  is  quite  true  that  many  good  lamps  give 
trouble  either  because  the  voltage  is  ti»c)  high  or  because  the 
lamp  has  nut  been  properly  adjusted  to  suit  the  voltage  on 
which  it  is  to  operate. 
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LIXE   WORK  FOR  ARC   LIGHTrSfr, 


SERIES    SYSTEMS. 

87,  Size  of  Wire. — Since  most  outside  lijjjhting  work 
is  done  on  the  series  system,  and  the  current  being  usually 
not  greater  than  9.6  amj>eres,  the  line  wire  d«xs  not  need  t«» 
be  large.  Generally,  such  lines  are  of  No.  ♦>  B.  Sz  S.  double-  or 
triple-braided  weather-proof  wire.  Triple-braid  wire  ni  this 
size  weighs  about  585  p<:)unds  j>er  mile;  double-braid  wire 
weighs  about  510  pounds.  Its  resistance  jKrr  mile  is  approxi- 
mately 2.08  to  2.12  ohms.  Sometimes  N<>.  s  wire  is  used 
for  arc  lines,  but  while  it  is  large  enough  to  carry  the  current, 
it  does  not  make  as  substantial  a  job  as  the  No.  'I.  The 
difference  in  first  cost  between  the  two  sizes  is  not  great 
and,  as  a  general  rule,  it  will  pay  to  put  up  the  larger  wire, 
especially  in  localities  where  sleet  storms  are  common. 

88,  Since  the  current  is  small,  series  arc  lines  mav  be 
run  long  distances  without  having  an  excessive  loss.  For 
example,  with  a  9.6-ampere  current,  the  drop  per  mile  of 
wire  would  be  about  2.08  x  9.^>  =  19.1»7  volts.  Series  arc 
circuits  often  extend  for  miles,  but  the  extension  of  the  line 
simply  cuts  down  the  pressure  available  for  the  lamps,  so 
that  a  given  dynamo  is  not  capable  r)f  operating  quite  as 
many  lamps  on  a  long  circuit  as  on  a  short  one. 

89,  Laylnf?  Out  Are  Circuits. — There  is,  generally, 
not  a  great  deal  of  choice  as  to  the  laying  out  of  an  arc  cir- 
cuit for  street  lighting,  as  it  is  determined  almost  altogether 
by  the  location  of  the  lamps.  At  the  same  time,  wire  and 
labor  can  often  be  saved  by  laying  out  a  plan  of  the  streets 
to  be  lighted  and  then  arranging  the  circuits  so  that  the  line 
will  pass  through  one  lamp  after  another  with  as  little  doub- 
ling back  on  itself  as  possible. 

When  laying  out  the  line,  it  is  a  good  plan,  where  jxissibie, 
to  connect  the  terminals  of  a  loop  in  the  circuit  to  a  switc^h 
so  that,  in  case  of   trouble,  the   loop  may  be   short-circuited 
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and  the  remaining  lamps  on  ihc  circuit  continued  in  opera- 
tion. Fig.  43  will  illustrate  this;  /,  /,  /  represent  arr  l»mps 
connected  on  a  street  circuit,  as  shown.  By  putting  in 
switches  at  points  A,  li,  the  loops  in  the  circuit  may  be  cut 
out.  For  example,  if  a  break  occurred,  as  indicated  at  x,  the 
switch  A  could  be  closed  and  the  rest  of  the  lumps  kept 
(^otng  while  ihe  break  was  being  located.  It  is  also  evident 
that  a  few  switches  arranged  in  this  way  would  be  of  aKsist- 
ance  in  tiKAting   breaks.     In  Fig.   43,  plain  short-circuiting 


switches  arc  indicated  in  order  to  bring  out  the  method  in 
view  and  ti>  simplify  the  figure.  In  practice,  a  switch  should 
be  used  that  will  |)rovide  a  i)ath  around  the  loop  and  at  the 
same  time  disconnect  the  loop  entirely  from  the  remainder 
of  the  circuit,  so  that  it  may  be  worked  on  .ind  the  fault 
located  without  danger  to  the  linemen.  These  loop  switches 
are  usually  mounted  on  a  pole  or  at  any  other  point  where 
they  will  be  accessible. 


!M).  It  is  preferable  to  have  separate  lines  for  operating 
tlie  commercial  lights  and  street  lights,  because  lamps  used 
ill  places  of  business  usually  have  to  be  started  earlier 
atiil  extinguished  earlier  than  those  used  on  the  streets. 
Moreover,  it  may  be  necessary  t'>  run  store  lights  for  a  short 
period  in  ihe  morning,  when  no  street  lights  are  needed. 
Another    argiiinetit    in    favoi-    nf    separate  circuits    for   the 
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commercial  lights  is  that  the  long-exposed  street  circuits  are 
always  more  or  less  subject  to  breaks  or  other  troubles,  and 
this  would  be  liable  to  interfere  with  the  regularity  of  the 
service  given  by  the  commercial  lights. 

No  matter  how  carefully  street  arc-light  circuits  are  laid 
out  in  the  first  place  with  a  view  to  economizing  copper, 
they  soon  become  very  irregular  if  the  number  of  lights  is 
at  all  increased.  Lights  are  looped  in  here  and  there,  and 
the  result  is  that  the  general  layout  of  the  circuits  assumes 
a  very  different  appearance  from  what  was  originally 
intended. 


lilNE  CONSTRUCTION. 

91,  Line  construction  for  arc  lighting  is  generally  carried 
out,  in  the  ordinary  way,  by  stringing  the  lines  on  poles.  In 
some  cities,  considerable  arc  lighting  is  carried  out  by  under- 
ground distribution.  For  this  purpose,  heavily  insulated, 
lead-covered  cables  are  used.  In  all  construction  work  con- 
nected with  series  arc  circuits,  the  point  must  not  be  lost 
sight  of  that  the  pressure  across  the  terminals  of  these  cir- 
cuits is  very  high  and  that  there  is  always  a  strong  tendency 
for  grounds  to  develop.  A  large  size  of  deep-groove  double- 
petticoat  insulator  should  be  used  and  the  wires  kept  clear  of 
trees.  Great  care  should  be  taken  when  wires  are  run  near 
metal  awnings  at  the  entrance  to  stores,  etc.,  as  this  is  a 
place  where  grounds  are  apt  to  occur  and  where,  in  a  num- 
ber of  cases,  they  have  resulted  in  fatal  accidents.  The 
necessity  for  high  insulation  and  careful  work  in  connection 
with  arc  lines  is  even  greater  than  it  once  was,  when  about 
50  lights  on  a  circuit  was  a  common  average.  Now  the 
number  of  lights  per  circuit  is  often  over  100,  and  if  the 
lines  are  not  kept  in  good  condition  there  is  sure  to  be 
trouble.  All  fittings  used  about  the  lamps  themselves 
should  be  such  as  to  give  high  insulation. 

92.  Height  of  Lamps. — Arc  lamps  for  street  lighting 
are  nearly  always  placed  at  street  intersections.     When  the 
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hlockfi  arc  long,  they  arc  also  placed  in  the  middle  of  the 
block.  The  oMfrr  method  was  to  use  a  comparatively  small 
number  of  lamps  hung  high 
above  the  street,  but  it  is  now 
considered  better  practice  to 
hang  the  lamps  lower  and  to 
use  more  of  them  if  necessary. 
This  is  especially  the  case  when 
the  streets  arc  shaded  by  trees. 
Where  the  space  to  be  illumi- 
nated is  open,  the  lamps  may 
lie  hung  fairly  high,  say  30  to 
40  feet  above  the  ground;  but 


(!,  a  height  of  20  to  25  feet 


•tllo<l^-  of  llitiiirliitr  lj>in|)s. — There  are,  in  gen- 
ds  of  hanging  lamps:  («)  By  mounting  on 
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pole  tops;  {d)  by  suspending  from  mast  arms  or  pole  fixtures 
projecting  from  a  side  pole;  {c)  by  suspending  from  the 
middle  of  a  span  wire  so  that  they  will  hang  over  the  middle 
of  the  street. 

When  the  lamps  are  mounted  on  pole  tops,  they  are  fixed 
permanently,  no  provision  being  made  for  lowering  them 
when  they  are  trimmed.  The  pole  must,  therefore,  be 
provided  with  pole  steps,  so  that  the  trimmer  may  climb 
up  to  the  lamp.  This  method  of  mounting  makes  the 
work  of  trimming  hard,  and  it  is,  therefore,  not  used 
nearly  so  much  as  other  methods,  which  allow  the  lamp  to 
be  lowered  for  trimming.  Fig.  43  shows  a  lamp  with  the 
pole-top  mounting.  It  is  necessary  to  provide  a  hood  to 
protect  the  top  of  the  lamp.  With  the  older  styles  of  lamp, 
these  hoods  were  large  enough  to  accommodate  a  hanger 
board,  from  which  the  lamp  was  suspended.  In  the  newer 
lamps,  a  much  smaller  hood  is  sufficient.  This  method  has 
a  few  advantages,  among  which  are  the  absence  of  rope  and 
pulleys,  also  the  line  wires  when  once  connected  up  are  not 
moved,  as  they  are  every  time  a  lamp  is  raised  or  lowered. 
The  raising  and  lowering  of  lamps  is  a  frequent  source  of 
breaks  in  the  line  wire  due  to  the  slight  bending  and  unbend- 
ing that  the  wire  is  subjected  to.  These  advantages  are, 
however,  more  than  offset  by  the  difficulty  of  trimming  if 
the  lamps  are  mounted  high  above  the  street.  Fig.  44 
shows  a  more  ornamental  style  of  pole-top  mounting.  In 
this  case,  the  lamp  is  only  about  20  feet  above  the  street, 
and  as  it  is  used  with  enclosed  arcs,  which  are  trimmed 
about  once  in  a  week  or  ten  days,  the  climbing  up  to  the 
lamp  is  not  as  much  of  an  objection  as  when  open  arcs, 
requiring  daily  trimming,  are  used. 

94.  Fig.  45  illustrates  a  typical  mast-arm  suspension. 
The  general  arrangement  will  at  once  be  seen  from  the 
figure.  The  lamp  is  raised  and  lr)wered  by  means  of  a 
rope  and  pulleys,  and  is  provided  with  a  small  hood  /f 
to  protect  the  top  from  the  weather.  The  lamp  is  sus- 
p)ended  from  the  rope  by  the  intervening  cross-arm  a  and 


^ti    Jsti   to   ke«p  the  line 
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Fig.  46  gives  a  view  of  a  Cutter  insulating  cross-arm. 
Since  the  introduction  of  high-voltage  enclosed  arcs  and  the 
operation  of  a  large  number  of  lamps  per  circuit,  it  is  essen- 
tial that  each  lamp  be 
provided  with  a  suspen- 
sion that  will  give  high 
insulation.  The  old- 
style,  plain,  wooden 
crosspiece  with  a  porce- 
lain knob  at  each  end  is 
hardly  sufficient. 

Some  styles  of  mast 
arm  are  pivoted  at  the 
pole  and  are  counter- 
balanced so  that  the  arm 
may  be  swung  down  for 
trimming. 

Fig.  47  shows  a  Cut- 
ter pole  fixture  of  small  size  that  has  been  used  considerably 
for  street  lighting  with  enclosed  arcs.  It  supports  the  lamp 
about  3  feet  from  the  pole. 

96.     The  span-wire  method  of  suspension  is  illustrated  in 
Fig.  48.     It  is  the  best  form  to  use  when   it  is  desired  to 


Fig.  47. 


Fig.  48. 


bring  the  lamp  over  the  center  of  the  street.     A  pulley  is 
placed  at  the  center  and  another  on   the  side  pole   and  the 
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|M)Iisi  are  usuallj'  set  at  diagonally  op{K>sit(.-  eoruers  of  tit  ^e; 
strwt  intcracvtioii.  The  span  or  susp<-nsion  wire  is  usual  1  -^t 
of  ,^-incli  or  {-inch  galvanized  steel  and  the  side  pcks ;t1i<>u_  tf 
30  to  as  feet  high  with  a  G-iiich  loji.  Thtx  im-lhn.i  of  sua — • 
pension,  of  course,  involves  the  use  of  two  pules  aiid  [r>^H 
this  reason  the  mnst-arm  suspension  is  oftt-n  prefcrri:*!  n-i 
The  chances  are  that  fur  lighting  a  given  town  or  city  cat 
(ombination  of  the  three  may  be  desirable,  the  style  t>f  sus— i 
[leiision  being  chosen  that  is  best  adapted  fur  the  particuUeri 
location  of  the  light.  j 

96.  ArfTjiun|i  I*uIU«j-k— Pullej-s  used  for  suspcndinjcr" 
arc  Umps  have  received  a  great  deal  of  attention  at  tlii!» 
hands  of  those  especially  interested  in  arc-l:imp  specialties. 
The  onlinnry  style  of  pulley  is  not  well  adapted  for  this  kind 
of  work.  An  arc-lamp  pulley  should  always  be  provided 
with  a  hiiod  to  prevent  its  being  dogged  by  sleet.  It  is  also 
desirable  that  the  pulley  from  which  the  tamp  is  hung  be  of 
such  a  design  th;it  it  will  hold  the  lamp  from  dropping  in 
case  the  rope  breaks  or  becomes  unfastened  in  any  way. 
In  Fig.  4S,  a  lampsupportins  jiulley  is  imltcated  at  A  and  a 
swivel-jwlc  pulley  at  B.  Uuth  are  of  the  sleet>pr>x>f  kind. 
A  number  of  different  types  of  lamp-iiupporting  pulleys  an- 
ni'w  iHiiiuifaiiiLrcil  In  nio^t  nf  thiiii  cither  a  catch  or  pro. 
jcclinns  art-  arriinj;c<i  inside  the  pulley  casing  so  as  to 
li"ld  the  l;iiup  when  it  is  raised  and  relieve  the  rope  of  all 
strain.  When  the  lamp  is  to  be  lowered,  it  is  first  pulled  up 
a  little.  This  iinK>cks  the  pulley  and  allows  the  lamp  to  be 
I'uvired.  The  use  of  self-linking  pulleys  also  helps  to  make 
the  operation  of  trimming  more  rapid. 

Arc-lamp  pulleys  have  also  been  brought  out  that  contain 
a  switch  that  cuts  olT  the  lamp  entirely  from  the  circuit 
whin  i(  is  Inwcrid.  This  allows  the  lamp  to  lie  lowered 
willn'Ut  li'wcrini;  the  wires  running  to  it,  and  also  makes  it 
I'dtVctly  safe  to  work  on.  These  pulleys  are,  however, 
•innii-what  compliratcd, 

Wt.  I{o)M-. — The  rope  used  for  raising  and  lowering  the 
lamps  is  an  im[H>rtant  item  on  a  lar^je  system  and  it  should 
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te  c;art;fully  selected.  Practice  varies  greatly  as  to  the  kind 
of  rope  used.  Formerly,  manila  rope  was  used  almost  exclu- 
sively, but  the  tendency  is  now  towards  a  solid  braided  cuttun 
rtipe  or  a  flexible  wire  rope.  When  cotton  is  used  for  this 
pur[>ose.  it  is  provided  with  a  wax  finish  that  keeps  the  rain 
from  soaking  into  and  rotting  it.  This  rope  is  usually 
9  inch  in  diameter,  though  4  inch  is  sometimes  used  with 
hiyjvy  lamps.  If  wire  rope  is  used,  it  is  usually  the  so-called 
tinned  "sash  cord,"  which  is  a  rope  made  up  of  a  hemp 
center  surrounded  by  tinned  steel  wire.  When  a  metal  rope 
is  used,  an  insulator  should  be  cut  into  it  at  a  ix)int  just 
:>ulside  the  pole  pulley  in  order  U>  insulate  the  trimmer's 
end  of  it.  When  the  lamps  are  very  heavy,  a  small  windlass 
is  frequently  used  to  hoist  them, 

98^  It  was  formerly  the  practice  to  coil  up  enough  ■ 
plus  roi>e  on  the  pole  at  each  lamp  to  allow  tht,  hmp  to 
lowered  Hi  the  ground.  It  is 
now  customary  to  end  the  rope 
in  such  a  way  that  another  rope 
may  be  hooked  on  to  it  and 
the  lamp  lowered.  This  extra 
rope,  known  as  a  ti-linniiTV 
rope,  is  from  20  to  30  feet 
hing  and  is  provided  with  a 
snap  hook  at  one  end  and  a 
number  of  rings  near  the  other, 
the  latter  being  spaced  so  as  to 
suit  the  varying  heights  at 
which  the  lamps  may  be  hung. 
The  end  of  the  rope  on  the  pole 
may  be  fastened  by  means  of  s 
for  the  purpos 


I  pm. 


s  shown  in  Fig.  4H,    The  use  of  the  lock  is,  however, 


safer,  as  it  prevents  the  lights  from  being  tampered  with. 


J9.    Cut-Out  Swltclu*. — The  rules  of  the  Fire  Under- 
I  writers   require   that  wherever   constant-current  arc  wires 


HTIXG. 


[  service  sirilc=Ii 

E  Ae  cmrua.  say  be  cot  off  at  ai=^y 

tllj  made,  most  Crzx 

KS,  aad  moat  be  placed  whc^r-e 

bf  poliocHien  and   fircmc^r-i. 

t  nrpcs  of  these  cnt-oat  switchc  ^, 

1  aad  be  i]tuck  xn 

r  siButy  vbctbcr  tbc  cur- 


UJnstrau  tbc  upcraucn  iif  rot-mt  svitchcs  in  general. 
fans  ben  sbowo  are  Ofiuiiird  in  a  waterprxxif  cast-im 
with  an  opening   past   which  an  indicator  moves  to  shof 
when  the  CQiTcnt  is  cm  or  off. 

Pig.    51  shows   the  eattcmal   appearance  of   the  swtu 
Two  blades  a,  b.  Fig.  50.  are  attached  to  the  Udc  tern 
nals  r,  J.  as  shown.     The  house  terminals  are  cuonectcti  t 
the  posts  e,  f.     When  the  handle    is  pushed  Up,  the  pore 
lain   rollers  r,  r  press  the  blades  into  the  clips  on  termfl 
nals  e,  f  and  thus  connert  the  line  with  the  lamps.     Whei 
the  lever  is  pulled  down,  the  rollers  bear  on  the  lower  part  « 
thf  blades,  causing  them  to  leave  the  clips  on  the  posts  C,  J 
and  tiwing  over  so  as  to  rest  on  the  casting  k,  thus  cuttin 
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out  the  laraps  and  allowing  the  current  to  flow  directly 
across  from  one  blade  to  the  other  and  disconnecting  the 
house  wires  entirely  from  the  line.  The  springs  shown  in 
the  figure  make  the  action  quick  and  positive. 

100,  Cut-Outs  OH  Arc  Lamps. — Nearly  ail  arc  lamps 
are  provided  with  a  simple  short-circuiting  switch  by  means 
of  which  the  lamp  may  be  cut  out.  This 
switch  does  not,  however,  disconnect 
the  lamp  entirely  from  the  circuit,  and 
it  is  always  dangerous  to  work  on  a 
lamp  under  such  circumstances  when 
standing  on  the  ground,  because  there 
is  liable  to  be  a  ground  on  some  part 
of  the  line  and  thus  establish  a  path  for 
the  current  through  the  person  working 
iin  the  lamp.  Since  the  introduction  of 
constant-current  circuits  operating  a 
large  number  of  lights,  the  danger  from 
shock  has  materially  increased,  and  to 
get  around  this,  tamps  are  now  fre- 
quently equipped  with  individual  cut- 
out switches  that  are  separate  from  the  '''"-  ^■ 
lamp  and  that  will  cut  out  the  lamp  ami  disconnect  it 
entirely  from  the  circuit.  Fig.  fi2  shows  a  series  arc  lamp 
equipped  with  a  separate  cut-out  switch  of  this  kind. 

101.  Looping  I(»  I.4ini|>8  on  St-rles  Circuits. — When  a 
lamp  is  looped  i 
a   series   circuit 
of    doors,   it    is 

necessary  to  providi 
a  cut-out  switch 
the  point  where 
is  cut  into  the  line, 
though,  as  mentioned 
in  the  previous  ar- 
ticle, switches  are 
fio  M.  sometimes  placed  at 

J.    III.— la 


ELECTRIC    LIGHTING. 


glS 


the  lamp  itself.  Fig.  53  shows  one  method  of  looping  in 
on  a  series  circuit.  An  arm  b,  provided  with  insulators  c,  d, 
is  mounted  as  shown. 
The  loop  a  runs  to  the 
lamp  or,  in  case  the 
circuit  is  carried  into 
a  building,  runs  tu  the 
cut-out.  Fig.  51  shows 
another  method,  which 
is  not  quite  so  neat,  but 
does  not  call  for  the 
use  of  a  special  bracket, 
f'"-"-  The   break   in   the   cir- 

cuit is  made  by  usin^f  two  ordinary  porcelain  insulators  iii,  it 
and  a  ilouble-pctticoat  glass  insulator  /'.  When  a  circuit  is  to 
be  looped  in  between  poles,  the  break  may  be  made  by  using 


a  single  porcelain  insulator,  as  shown  in  Fig.  55,  or  if  higb^ 
insulation  is  required  between  the  terminals  of  the  bread 
(wo  insulators  connected  by  a  short  length  of  wire  may  t 


used,     Fig.  50  shows  another  method  of  accomplishing  1 
same  result  by  using  a  special  porcelain  insulator  that  \ 
maile  for  this  purpose, 
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SPECIAL   APPLICATIONS   OF 

ABC  LAMPS. 

102,  Before  leaving  the  subject  of  arc  lamps  we  will 
take  up,  briefly,  a  few  of  the  special  applications  to  which 
the  arc  lamp  has  been  put.  Arc  lamps  are  extensively  used 
for  stage  illumination  in  theaters,  for  photo-engraving 
work,  blueprinting,  searchlights,  or,  in  fact,  any  work 
where  a  strong  light  is  necessary.     For  most  of  this  work, 


^^c* 


the  ordinary  styles  of  arc  lamp  are  not  suitable,  because 
such  lamps  are  not  of  the  focusing  type.  For  projection 
work,  it  is  necessary  to  keep  the  arc  in  a  fixed  position;  in 
some  cases  this  is  accomplished  by  hand  feeding,  while  in 
others  the  feeding  is  automatic.  In  Fig.  57,  («)  shows 
an  automatic  focusing  lamp  and  {d)  a  hand-feed  focusing 
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lamp.      The  lamp   (i^)    is  usually  mnuiiled    on  a  stand  an 
provided  with    accessories  to   suit  it  to   whatever    kind   t^^ 
work  it  is  used    for.      It   is  designed    fur  'iO    amperes   an- 
is  operated  on  direct-current  circuits  of  75  to   135  volt^ 
The  hand-fccd  lamp  shown  at  ib)  also  u[)crates  normally  a_n 
20   amperes,   but   by   using  larger  carbons,  currents  up  t — 
50  amperes  may  be  employed.      The  hand-feed    lamp  ma^ 
also  be  operated  with  alternating   current,   but  the  altci— 
nating  current  is  not  very  satisfactory  for  use  in   projecliow: 
work.     The  hum  caused  by  the  arc  is  often  very  annoying, 
and,  moreover,  the  arc  is  continually  shifting  around.     In 
b'>th  lamps  shown  in  Fig.  6?  it  will  be  noticed    that  the 
carbons  are  fed   together  by  screws  and  that  the  rale  u! 
movement   is   adjusted    so   that    the   arc   always    remains 
stationary.      If  a  lamp  is  to  be  used  for  short  intervuls  only, 
the  hand  feed  will  be  found  quite  satisfactory,  because  it  is 
simple,  cheap,  and  not  liable  to  get  out  of  order.     If,  how- 
ever, the  lamp  is  to  be  used  for  long  runs,  it  is  better  to 
have  an  automatic  feed.    The  lamp  in  Fig.  57  {a)  is  fed  by  the 
screw  a,  which  is  rotated  by  means  of  the  lamp  mechanism 
ronlained  in  the  case  bel<iw.      In  {f>)   the  carbons  are  regu- 
lated by  turning  the  knobs  a,  a. 

108.     When   these  lamps  are   run  on  a  regular  110-volt 

circuit,  a  rheostat  must  be  inserted  in  series  with  them  in 
order  to  take  up  the  excess  voltage.  The  rheostat  should 
be  capable  of  carrying  the  current  required  by  the  lamp 
without  undue  heating,  and  should  have  enough  resistance 
ti)  give  a  maximum  drop  of  about  70  to  80  volts  when  used 
on  IlU-volt  circuits.  About  20  to  30  volts  of  this  drop 
should  be  adjustable,  si)  that  the  current  taken  by  the  arc 
can  be  kept  at  the  proper  amount.  For  example,  a  lamp 
taking  'ii)  amperes  slmiild  have  about  3i  ohms  in  the 
rheostat,  and  at  least  1  ohm  of  this  should  be  split  up  into 
II)  ur  15  sections  and  connected  to  a  regular  rheostat  switch 
so  that  a  good  adjustment  can  be  obtained.  A  10-ampere 
lamp  wnnld  require  alimit  7  nlnns  in  the  rheostat,  and 
'■i  or  It  ohius  of  ihis  should  be  adjustable. 
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SEARCITLIG  UTS . 

104.  One  of  the  most  important  applications  of  the  arc 
light  for  projection  purposes  is  found  in  the  searchlight. 
These  are  now  used  extensively  both  on  shipboard  and  also 
on  land,  and  reference  has  already  been  made  to  the  arrange- 
ment of  the  carbons  and  mirrors  as  used  in  them.  A 
searchlight  is  designed  to  concentrate  the  rays  emitted  from 
the  crater  of  the  positive  direction  and  to  project  them  so 
that  they  will  be  parallel  to  each  other.  A  beam  of  light 
that  does  not  spread  out  will  illuminate  objects  at  great 
distances,  because  the  intensity  of  such  a  beam  does  not  fall 
off  with  the  square  of  the  distance  as  docs  the  light  from 
an  ordinary  source.  In  fact,  if  all  the  rays  were  exactly 
parallel  and  the  mirrors  perfect  and  if  there  were  no  absorp- 
tion of  light  by  the  atmosphere,  the  intensity  of  the  beam 
would  not  diminish  at  all.  As  a  matter  of  fact,  it  does 
diminish  to  an  extent  that  depends  very  largely  on  the 
condition  of  the  atmosphere. 

For  many  of  the  following  points 
and  illustrations  relating  tii  search- 
lights we  are  indebted  to  a  mpcr 
hy  Lieut.  B.  T.  Walling  puhlished 
in  Ihe  Proceedings  of  The  United 
States  Naval  Institute.  The  tyiie 
of  lamp  here  described  is  cme 
designed  by  the  (Jeneral  Klcctrit- 
Company  and  which  is  used  very 
largely  both  for  naval  and  com- 
mercial work. 


lOfl.  General  Construc- 
tion.—Fig.  58  shows  a  a4-iiKh 
projector.  The  barrel  yi  con- 
tains the  lamp  and  reflector, 
the  reflector  being  m<Hintctl  in 
the  back  end.  This  barrel  is 
swung  on  trunnions  sujipiirted 
hy  the  base  li  and  is  arranged 
so  that  the  projector  can  lie 
swung  around  through  any  ar 
swung  up  and  down  or  elanip 


The  barrel  can  also  be 
1  any  desired  position  by 
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means  of  the  fittings  shown.  In  this  projector  these  move- 
ments are  accomplished  by  hand,  but  in  many  of  the  pro- 
jectors used  for  naval  work  the  movements  are  brought  about 
by  small  motors  mounted  in  the  base,  so  that,  if  desired,  the 
searchlight  may  be  controlled  from  a  distant  point  by  run- 
ning cables  from  the  projector  to  a  controller  situated  at 
whatever  point  the  searchlight  is  to  be  controlled  from. 
The  door  of  the  projector  is  made  of  strips  c  of  plate  glass 
in  order  to  avoid  breakage  and  also  to  allow  broken  fronts 
to  be  easily  repaired.  Current  is  carried  to  the  lamp  by 
means  of  cables  d^  d,  which  connect  to  sliding  contacts  in 
the  base. 

106.  Mirrors. — The  mirrors  or  reflectors  used  in  the 
better  class  of  projectors  are  of  glass,  ground  carefully  and 
silvered  on  the  back.  Parabolic  reflectors  are  used  in  the 
navy,  as  they  throw  a  more  powerful  beam  than  the  Mangin 
mirror  or  concave  mirror.  For  commercial  projectors,  the 
Mangin  mirror  is  used,  and  where  cheap  projectors  are 
required  or  in  case  the  projector  has  to  stand  a  great  deal 
of  moving  around,  it  is  customary  to  use  copper  reflectors 
silvered  on  the  inside  surface.  The  lamp  must  be  adjusted 
so  that  the  crater  comes  at  the  focus  of  the  mirror,  other- 
wise the  light  will  not  be  thrown  out  in  parallel  rays.  The 
crater  must,  of  course,  face  the  mirror. 

107.  Searchll/arht  Lamp. — Fig.  59  shows  a  type  of. lamp 
now  used  both  for  commercial  and  naval  work.  In  this  lamp 
the  carbons  are  horizontal,  the  positive  carbon  being  larger 
than  the  negative  and  pointing  directly  at  the  mirror.  Some 
changes  have  been  made  in  the  later  lamps  from  the  con- 
struction shown  in  Fig.  59,  but  the  principles  involved  are 
the  same.  The  lamp  has  what  is  called  a  ratchet  feed  and 
is  provided  with  two  magnets — a  series  magnet  that  serves 
to  strike  or  start  the  arc  and  a  shunt  magnet  that  works  the 
ratchet  feed. 

Referring  to  Fig.  59,  the  shunt  magnet  is  shown  at  6^  and 
the  series  magnet  at  K.     P  is  the  positive  carbon  and  N  the 
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r  tive.  ji'isa  small  switch  fnr  cutting  off  the  current 
fmin  the  shunt  coil  when  it  is  desired  to  feed  the  lamp  by 
hand.  The  lamp  may  he  fed  by  hand  by  slipping  on  a  crank 
wrench  at  R.  Screw  D  feeds  the  negative  carbon  and  E  the 
positive,  the  two  screws  being  geared  together  at  /.  Current 
is  led  into  the  lamp  by  means  of  two  sliding  contacts  A,  one 
of  which  is  shown  in  the  figure,  the  other  being  directly 
behind  A  on  the  other  side  of  the  lamp.  //  is  the  armature 
of  the  shunt  magnet  and  A  the  pawl-and-ratchet  mechanism 
by  which  screw  E  is  turned.  T"  lamp  for  a  30-inch  pro- 
jortiir  takes  from  75  to  ito  amperes,  and  for  an  18-inch  pr'>- 
jcctor  the  current  is  from  25  to  35  amperes.  The  working 
current  varies  with  the  size  of  the  lamp  and  also  with  the 
size  i>f  the  carbons  used.  The  voltage  required  at  the  lamp 
is  usually  from  45  to  49  volts  and  the  feed  will  frequently 
oi>eratc  when  a  pressure  of  SO  volts  is  reached, 

108.  The  method  of  operating  the  lamp  is  as  follows; 
The  carbons  are  adjusted  by  the  crank  wrench  ti>  a  separa- 
ting ilistance  of  about  J  inch.  The  switch  M  is  next  closed. 
The  main  switch  is  closed  next,  and  as  no  current  can  pass 
between  the  carbons,  the  voltage  between  them  and,  hence, 
the  voltage  across  the  shunt  magnet  G  must  be  equal  to 
the  full-line  voltage.  The  consequence  is  that  armature  // 
is  attracted.  As  soon  as  //  is  attracted,  the  current 
through  the  shunt  circuit  is  broken  by  the  contact  device  b 
and  the  armature  falls  back  and  the  attraction  is  again 
repeated.  The  armature  //,  therefore,  vibrates  rapidly  and 
works  a  paw!  that  shoves  the  ratchet  7^ around  and  feeds 
the  carbons  together.  The  screws  are  geared  together,  so 
that  screw  J)  revolves  one-half  as  fast  as  /i.  As  soon  as 
the  ratchet  feed  brings  the  carbons  into  contact,  a  heavy 
current  flows  for  a  short  interval  and  the  series  coils  K 
pull  back  the  armature  a  and  thus  start  the  arc.  As  the 
carbiins  burn  away,  the  voltage  across  G  increases  until 
the  ratchet  feed  operates  and  moves  the  carbons  a  little 
nearer  together.  The  point  of  feeding  can  be  adjusted  by 
means  of  the  spring  r  and  the  length  of  the  arc  by  means 
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of  nuts  d.  The  positive  carbon  holder  is  provided  with  ver- 
tical and  horizbntal  adjustments,  so  that  it  can  be  accurately 
lined  up. 

109.  Naval  searchlights  are  usually  operated  on  80-volt 
circuits,  so  that  it  is  necessary  to  take  up  but  20  to  30  volts 
in  the  rheostat.  For  commercial  lamps,  the  line  voltage  is 
higher,  but  in  any  case  the  rheostat  should  be  adjusted  so 
that  the  lamp  will  operate  without  hissing  or  flaming. 
With  the  horizontal  type  of  lamp  here  described  there  is  a 
tendency  to  flame  at  the  upper  edge  of  the  crater,  thereby 
forming  the  crater  on  the  upper  edge  of  the  positive  carbon 
and  distorting  the  reflection.  This  tendency  is  corrected 
by  a  horseshoe  magnet,  which  draws  down  the  arc. 

no.  Some  hissing  will  occur  when  starting  up,  espe- 
cially with  new  carbons,  and  the  lamp  will  not  quiet  down 
until  a  good  crater  has  been  formed  in  the  positive  carbon. 
This  can  be  obviated  by  reaming  out  a  crater  in  the  posi- 
tive carbon  with  a  penknife  before  putting  it  in  the  clamp. 
Flaming  and  hissing  are  promoted  by«  inferior  carbons  and 
are  much  increased  if  the  carbons  have  absorbed  oil.  Car- 
bons should  be  hard,  homogeneous,  and  of  the  best  quality. 
Soft  carbons  fuse  and  form  **  mushrooms,'*  which  cut  off  a 
large  portion  of  the  light  and  make  the  arc  unsteady.  The 
positive  carbon  .should  be  cored,  as  this  assists  in  holding 
the  arc  central  and  in  making  a  good  crater.  Negative 
carbons  are  sometimes  cored,  but  this  is  not  generally  con- 
sidered necessary  or  even  desirable. 

111.     Points    TlelatinpT    to    Caro    and    OiK>ratlon. — 

When  the  searchlight  is  first  started,  an  abnormal  current 
will  flow  for  an  instant  when  the  carbons  touch  each  other. 
This  current  may  be  sufficient  to  throw  the  ammeter  off  the 
scale,  but  it  does  no  particular  harm  if  it  does  not  continue. 
If  it  should  continue,  on  account  of  the  lamp  failing  to  work 
properly,  cut  off  the  current  at  once  by  means  of  the  main 
switch.  The  starting  current  may  be  as  much  as  50  per 
cent,  above  the  working  current.     Any  abnormal  current  of 
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.  searchlight  ammeter  is  usually  traceable  to  either  a 
mushroom  on  the  negative  carbon  or  careless  handling  of 
the  hand  feed.  If  the  lamp  does  not  feed  properly,  it  is 
because  there  has  been  a  burn-out  or  that  the  lamp  itself 
is  not  clean :  in  the  great  majority  of  cases  dirt  is  the 
cause.  The  key  to  good  searchlight  operation  is  thorough 
cleanliness  in  all  the  parts  and  frequent  opportunity  for 
practice  by  those  not  ordinarily  called  upon.  The  mirrors 
will  spot  or  frost  in  time,  and  this  action  is  much  hastened 
on  board  ship  by  the  practice  oi  exposing  them  to  the  rays 
of  the  sun  while  drying  out  the  barrel.  The  action  of 
direct  sunlight  will  quickly  ruin  the  silvered  surface  of  a 
mirror.  Every  projector  front  should  be  fitted  with  an 
extra  outside  door  to  protect  the  glass  front.  Sometimes  it 
is  desired  to  use  a  beam  of  light  that  will  spread  out,  and 
in  such  cases  it  is  customary  to  fit  the  front  with  (llveri^Ing 
Icnxcs  that  are  plano-convex  strips  instead  of  the  plain  flat 
strips  ordinarily  used. 
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(PART  4.) 


TESTING  ARC-LIGHT  LINES. 

1.  Since  street  arc-lighting  circuits  are  generally  long, 
considerably  exposed,  and  of  comparatively  small  wire,  they 
always  give  more  or  less  trouble  on  account  of  grounds, 
breaks,  and  crosses.  Breaks  are  of  quite  frequent  occur- 
rence, especially  during  heavy  wind  or  sleet  storms,  and 
very  often  cannot  be  detected  by  a  mere  inspection  of  the 
line.  The  wire  may  be  broken  while  the  insulation  holds 
the  ends  together,  so  that,  to  all  appearances,  the  line  is 
intact.  Breaks  are  especially  liable  to  occur  at  the  point 
where  the  line  loops  from  the  pole  to  the  lamps. 

Grounds  are  most  likely  to  occur  around  the  fronts  of 
stores  where  the  wires  are  run  in  proximity  to  iron  awnings 
or  fittings.  Also,  where  the  lines  run  through  trees,  there 
will  always  be  more  or  less  of  a  ground,  especially  in  wet 
weather.  In  this  case,  however,  the  trouble  would  be  more 
correctly  termed  a  leak,  as  it  is  due  to  defective  insulation 
and  does  not  constitute  a  direct  connection  to  ground,  as 
would  happen,  for  example,  if  one  of  the  lines  came  into 
contact  with  an  iron  pole  or  a  gas  or  water  pipe. 

Crosses  are  caused  by  one  line  coming  into  contact  with 
another,  and,  under  ordinary  conditions,  should  not  occur 
frequently  if  the  line  is  well  constructed.  Of  course,  heavy 
storms,  especially  sleet  storms,  may  cause  a  great  deal  of 
trouble  on  arc  lines,  but  we  are  now  speaking  of  the 
troubles  that  are  liable  to  occur  under  ordinary  working 
conditions. 

§  19 
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ill  arc  s  should  be  tested  at  intervals  during  the  day 
to  see  if  any  faults  have  developed,  so  that  they  may  be 
looked  up  and  remedied,  if  possible,  before  it  comes  time  to 
start  up  in  the  evening.  There  are  various  methods  of 
testing  for  grounds  and  breaks,  but  in  the  great  majority 
of  cases  they  are  located  by  the  use  of  an  ordinary 
magneto-bell.  Such  a  bell  is  very  convenient  for  testing 
purposes,  as  it  requires  no  battery  for  its  operation  and  is 
able  to  ring  through  a  long  length  of  line;  moreover,  it  is 
easily  carried  around  from  place  to  place.  Another  testing 
instrument  that  will  be  found  very  useful  around  an  arc 
station  is  a  portable  Wheatstone  bridge.  These  are  now 
made  in  a  variety  of  forms  that  are  compact  and  convenient 
to  work  with.  They  are  often  very  useful  in  locating  faults 
on  lines,  but  more  particularly  for  making  measurements 
of  resistance  on  dynamo  armatures  and  fields,  arc-lamp 
spools,  etc. 

2.  I..ociitInK  Breaks. — Series  arc  circuits  should  be  fre- 
quently tested  for  breaks  by  connecting  a  magneto  to  the 
terminals  of  the  circuit,  at  the  station,  and  ringing  it  up.  If 
the  bell  fails  to  ring,  it  shows  that  the  circuit  is  broken 
somewhere  and  the  break  should  be  looked  up  at  once.     If 


-/ 


the  circuit  is  aranged  in  loops  that  may  be  cut  out  by  means 

of  swit<-hes  on  the  poles,  the  first  thing  to  do  is  to  cut  out 
the  loops  in  succession  until  a  ring  is  obtained.  This  will 
show  in  which  loop  the  lireak  is,  ami  the  f.iult  may  then  l>e 
further   located,   as  described  later;    or,   in   many  cases,  it 
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may  be  found  by  a  simple  inspection.  In  general,  however, 
the  problem  will  be  to  locate  a  break  on  a  simple  series  cir- 
cuit, such  as  that  shown  in  Fig.  1.  The  irregular  outline 
here  represents  the  circuit,  or  portion  of  a  circuit,  of  which 
a,  b  are  the  terminals ;  /,  /,  etc.  represent  the  lamps.  It  is 
found  by  ringing  up  between  a,  b  that  there  is  a  break  on 
the  circuit.  We  will  indicate  this  break  at  the  point  .r, 
though  its  location  is  not  known  as  yet.  The  first  thing  to 
do  is  to  connect  a  and  b  together  and  ground  them,  as 
shown  by  the  dotted  lines.  The  lineman  then  goes  out  to 
the  point  ^,  as  near  the  middle  of  the  circuit  as  possible,  and 
opens  the  circuit  by  lowering  a  lamp  and  removing  the 
wires  or  in  any  other  way  that  may  be  convenient.  He 
then  attaches  one  terminal  of  the  testing  magneto  to 
ground,  by  connecting  it  with  a  hydrant  or  other  groUnd 
connection  that  may  be  at  hand,  and  the  other  terminal  to 
one  end  of  the  circuit  d.  He  then  rings  up,  and  if  the  bell 
rings,  it  shows  that  the  portion  of  the  circuit  from  d  around 
to  the  station  is  all  right  and  that  the  break  is  in  the  other 
half.  He  then  closes  the  circuit  at  c  and  moves  on  to  a 
place  y,  about  half  way  between  c  and  the  station.  The 
circuit  is  here  opened  and  the  magneto-bell  connected  as 
before.  If  a  ring  is  obtained  when  the  bell  is  connected  to 
the  left-hand  end  of  the  line,  it  shows  that  the  stretch  of 
circuit y-^-^  is  intact;  while,  if  the  bell  does  not  ring  when 
connected  to  the  right-hand  side,  it  shows  that  the  break 
is  between  /  and  r,  because  the  previous  test  showed  that 
the  part  d-l-l-a  was  all  right.  In  this  way,  by  making  a 
few  tests,  the  lineman  can  locate  the  stretch  of  circuit 
in  which  the  break  occurs  between  narrow  limits,  and 
the  break  itself  can  then  usually  be  located  by  a  careful 
inspection. 

3.  liOcatlnpT  Grounds. — When  a  line  becomes  grounded 
at  any  point  x,  as  indicated  in  Fig.  2,  the  ground  may  be 
located  by  using  a  magneto,  in  which  case  the  ends  of  the 
line  ^,  b  at  the  station  are  left  open,  instead  of  being 
grounded,  as   when    testing    for    breaks.     The  line  is  then 
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ofjened  about  the  raitldle  point  c  and  each  side  rung  up, 
one  terminai  of  the  magneto  being  connected  to  the  griiund. 

It  is  evident    that    thi;  side  on  which   a  ring  is  obtained  is 


the  one  on  which  the  ground  exists.  The  half  on  which 
the  ground  is  liK-ated  is  then  opened  at  its  middle  point, 
!ind,  in  this  way,  the  part  of  the  line  that  is  grounded  is 
soon  located  within  narrow  limits. 

4,     T-oeatIn(j[  (Jroiintls  by  Means   or  Voltmeter.  —  If 

a  high-reading  voltmeter  is  available,  it  may  be  used  for 
locating  grounds  on  an  arc  circuit,  as  indicated   in  Fig.  3. 


The  dynamo  is  here  omitted,  but  it  is  supposed  to  be  opera- 
ting the  circuit  lonnected  to  its  terminals  ((,  Ik 

In  this  case  we  have,  say,  1^  lamps  o[K;rated  on  a  circuit. 
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The  total  pressure  generated  by  the  dynamo  will  then  be 
about  15  X  60  =  750  volts,  allowing  50  volts  per  lamp.  The 
difference  of  potential  between  the  negative  side  of  lamp  1 
and  a-\'  will  be  60  volts,  between  the  negative  side  of 
2  and  a+  100  volts,  and  so  on,  as  shown  in  the  figure.  If 
we  connect  one  terminal  of  the  voltmeter  to  a-{-  and  the 
other  to  ground,  we  will  get  a  reading  whenever  there  is  a 
ground  on  the  line.  Suppose,  for  example,  that  there  is  a 
ground  at  G,  We  will  then  have  the  voltmeter  connected 
across  four  lamps  and  it  will  give  a  reading  of  about  200  volts. 
The  voltmeter  reading,  therefore,  indicates  how  far  the 
ground  is  out  on  the  line.  If,  for  example,  we  obtained  a 
reading  of  about  100  volts,  we  will  know  that  the  ground 
is  somewhere  between  the  second  and  third  lamps. 

5.  Differential  Method  of  lioeatlng:  Grounds. — This 
method  consists  in  balancing  the  drop  through  an  artificial 
line  against  the  drop  through  the  portion  of  the  circuit 
from  the  station  to  the  point  where  the  ground  exists.  The 
method  will  be  understood  by  referring  to  Fig.  4. 

The  terminals  of  the  circuit  are  indicated  at  a,  b,  and, 
for  the  sake  of  illustration,  we  have  shown  10  lamps.  The 
total  pressure  generated  by  the  dynamo  will  be  about 
500  volts,  and  the  drop  in  pressure  between  a-\-  and  differ- 
ent points  on  the  circuit  will  increase  as  the  lamps  are 
passed,  as  shown  by  the  numbers  50,  100,  etc.  The  testing 
apparatus  consists  of  a  number  of  equal  resistances  i,  2,  3,  4, 
etc.  connected  in  series  with  terminals  brought  out  to  a 
switch,  as  indicated.  These  resistances  should  be  fairly 
high,  say  about  50  ohms  each.  Ordinary  52-volt  incan- 
descent lamps  will  answer.  A  detector  galvanometer  C  is 
connected  to  the  switch  blade  and  to  the  ground.  Any  instru- 
ment that  is  reasonably  sensitive  will  do,  as  it  is  not  neces- 
sary for  it  to  read  either  volts  or  amperes.  This  device 
should  have  as  many  resistances  as  the  greatest  number  of 
lamps  on  any  circuit  that  is  likely  to  be  tested.  One  end  x 
of  the  resistance  is  connected  to  a-\-.  The  other  end  of  the 
circuit  —  ^  is  connected  at  the  point  z,  so  that  the  number  of 


ELECTRIC   LIGHTING. 


S19 


resistances  will  correspond  to  the  number  of  lampit  on  ihe 
circuit  to  be  tested.  The  switch  arm  is  then  moved  over  lu 
the  right  until  the  galvanometer  deflection  comea  to  zero. 
In  this  case,  the  deflection  will  become  zero  when  the  arm 
at  the  point  y  between  resistances  «  and  7,  It  is  evident 
that  the  fall  of  pressure  from  fl-j-  through  the  artificial 
circuit  corresponds  to  the  fali   in  pressure  from  a-f  aruuncV 


the  arc  line;  hence,  when  a  point  Is  reached  when  the  drop 
in  pressure  from  a-\-  around  to  the  ground  is  equal  to  the 
drop  in  the  artilicial  line,  the  two  pressures  counterbalance 
each  other,  as  indicated  by  the  arrows,  and  n<)  current  flows 
through  tlic  galvanometer.  As  soon  as  the  point  cwrre- 
spunding  lo  that  wheiu  the  j^round  exists  is  passed  on  the 
switch,  the  tjalvanymeler  will  reverse  its  deflection. 
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JGHTNING  PROTECTION   FOR  ARC 
CIRCUITS. 

6.  Series  arc-light  circuits  are  very  apt  to  bring  in  light- 
j  discharges  to  a  station,  because  they  cover  such  large 
areas  and  are  usually  pretty  well  expost-d.  They  should, 
therefore,  be  well  protected  by  lightning  arresters.  The 
arresters  used  on  arc  circuits  differ  little,  if  any,  from 
those  used  on  other  circuits.  Care  must,  of  course,  be 
taken  in  selecting  an  arrester  to  see  that  it  is  adapted  to 
tti«;  voltage  of  the  circuit.  Many  of  the  older  types,  which 
wr«;re  quite  satisfactory  on  circuits  operating  as  high  ^s 
(SO  to  75  lamps,  are  not  suitable  for  high-voltage  circuits 
operating  135  to  150  lamps.  If  the  older  types  of  arrester 
^ire  to  be  operated  on  such  circuits,  two  of  them  should  be 
t^onnccted  in  series. 


7.  Thomson  Arpester.  —  Fig.  5  shows  the  Thomson 
«Tiagnetic  blow-out  arrester  that  has  prubably  been  used  in 
t-he  past  more  ex- 
tensively on  arc  cir-  ®  \  "X  /  /  © 
cuits  than  any  other 
one  type.  Itissimi- 
larinprincipleto  the 
bio  w-ou  t  arrester 
used  on  constant- 
potential  circuits, 
except  that  the  coils 
are  in  series  with  the 
dynamo  instead  of 
being  connected 
across  an  auxiliary 
air  gap.  The  coils, 
therefore,  carry  the 
current  all  the  time  the  dynamo  is  in  operation.  There  is 
little  objection  to  this  in  the  case  of  an  arc  circuit  where  the 
current  is  small.  For  constant-potential  circuits  it  would 
ba  inconvenient  to  carry  the  main  current  through  the 
J.    in.— 19 
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.,.wW-out  ■    ils,  !ind  unltss  they  were  of  very  low  resistance 

there  wou      be  considerable  loss  of  energy.     The  air  gapia 

;wcen  the  vanes  f,f'.   Fig.  (i  shows  how  the  arresters  are  con- 

;ted.    Current  from  the  dynamo  D  flows  through  the  coils  A 

d  out  on  the  line,  thus  setting  up  a  magnetic  field  between 


..  choKe, 
charge  out  of  the  dyna 


harge  comes  in  over  the  line,  it 

j>asses  off  to   the   ground.      The 

)r  reactance,  coils  to  keep  the  dis- 

o,  but  sometimes  additional  choke 


coils  are  inserted,  as  shown  at  /.,  /-,  in  i)rderto  make  the 


pn)tcclirin  still  more  sure.  This  same  style  of  arrester  is 
mounted  in  a  weallier-proof  bo.\  for  use  out  on  the  line;  the 
one  shown  in  Fig.  h  is  intended  for  use  in  the  station. 
Fig.  7  shows  two  of  [hcsc  arresters  connected  in  series  for 
circuits  on  which  more  than  75  lights  are  operated. 


!i 
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8.  The  ly[ie  of  blow-out  arrester  described  in  Electric 
Lig/iting,  Part  i,  aiid  jnade  by  the  General  Electric  Com- 
pany for  use  on  direct-current  lighting  and  puwer  circuits, 
is  now  also  used  on  arc-light  circuits.  This  arrester  has  a 
smaller  air  gap  than  those  just  dcstrilx;d  and,  hence,  affords 
a  better  protection  especially  against  static  charges  thai 
(gradually  accumulate  on  the  lines  and  do  ntit  take  the  form 
iif  a  regular  lightning  discharge.  Moreover,  as  the  working 
[Kirts  of  this  arrester  are  mounted  in  a  porcelain  case,  there  is 
much  less  liability  of  dust  and  dirt  becoming  lodged  in  the 
air  gap. 

9.  The  arresters  just  described  are,  of  course,  intended 
for  use  with  direct  current.  For  alternating-current  sys- 
tems, the  arresters  described  in  Electric  Liglifinff,  Part  2, 
in  connection  with  alternating-current  incandescent  cir- 
cuits may  be  used. 

to.  Liahtniji^f  Arrester  for  Are  Jjiin|»s. — Although 
lightning  may  not  get  into  the  station,  it  sometimes  punc- 
tures the  insulation  of  the 
lamps  out  on  the  line  am! 
is  resiwnsible  for  many 
burned-out  coils.  In  order 
to  prevent  this,  small  ar- 
resters, or.  rather,  simply 
spark  gaps,  may  be  con- 
nected across  the  terminals 
of  the  lamji.  Fig.  S  shows 
a  simple  arrester  for  this 
kind  of  work-  This  con- 
sists simply  of  two  brass 
cylinders  with  a  small  gap 
between  them.  When  a 
discharge  comes  along  the 
line,  it  will  jump  between 
the  cylinders  and  thus  jiass 
along  to  the  regular  light- 
ning arresters,   which  will 
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carry  it  to  ground.  The  lightning  will  jump  the  gap  in 
preference  to  passing  through  the  lamp  on  account  of  the 
self-induction  and  consequent  reactance  of  the  regulating 
coils  in  the  lamp. 

11.     It  will  generally  pay  to  have  a  number  of  arresters, 

connected  between  the  line  and  the  ground,  distributed  over 
the  line  instead  of  depending  on  the  station  arresters  alone 
fur  protection.  All  arresters  should  be  provided  with  a 
good  ground  connection,  otherwise  they  will  be  of  little 
value. 


STATION  EQUIPMENT. 
13.  General  Iteiiiarks. — Having  considered  the  lamps 
themselves  and  the  line  used  to  convey  the  current  to  the 
lamps,  next  in  order  comes  the  apparatus  for  the  generation 
and  control  of  the  current  supplied  to  the  various  arc  cir- 
cuits. This  means  a  consideration  of  arc-light  dynamos, 
switchboards,  and  methods  of  operating  arc  lights  by  alter- 
nating current.  Attention  has  already  been  called  to  the 
fact  that  large  numbers  of  arc  lamps  are  run  on  constant- 
potential  circuits.  These  lamps  are  operated  by  the  same 
machines  and  from  the  same  mains  wed  for  the  incandes- 
cent lighting,  so  that  the  equipment  described  in  Electric 
Lighting,  Part  1,  is  suitable  whether  the  lamps  be  direct  or 
alternating.  We  will,  therefore,  confine  our  attention  to 
the  special  equipment  necessary  for  operating  constant- 
current  series  circuits. 

13.  Lamps  may  be  operated  in  series  by  means  of  a  con- 
stant current,  either  direct  or  alternating.  In  case  direct 
current  is  used,  it  is  supplied  by  regular  arc-light  dynamos. 
In  case  alternating  current  is  used,  jt  is  generally  supplied 
from  a  constant-potential  alternating-current  dynamo  sup- 
plying the  lamps  through  a  regulator  or  transformeV  of  some 
kind  that  will  serve  to  keep  the  current  at  the  correct  value, 
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no  matter  how  many  lamps  there  may  be  in  the  circuit. 
Constant-current  alternators  have  not  as  yet  been  used  to 
any  great  extent,  but  as  the  use  of  series  alternating  arc 
lamps  extends,  it  is  quite  probable  that  they  may  be  used 
more  than  has  been  customary  in  the  past. 


CONSTANT-CURRENT   ARC-LIGHT    DYNAMOSv 

14.  The  constant-current  arc-light  dynamo  may  in 
many  ways  be  considered  as  a  decided  contrast  to  the  con- 
stant-potential direct-current  machines  used  for  low-pressure 
lighting  or  street-railway  work.  In  the  first  place,  arc 
machines  must  generate  a  comparatively  small  current 
(from  6  to  10  amperes),  but  the  maximum  pressure  that 
they  are  called  upon  to  deliver  at  full  load  is  very  high. 
Moreover,  they  must  be  constructed  so  as  to  keep  the  cur- 
rent at  the  required  amount  through  a  wide  range  in  the 
number  of  lamps  operated. 

The  constant-potential  dynamo  does  just  the  opposite.  It 
maintains  the  pressure  (usually  from  110  to  GOO  volts)  at  a 
constant  or  nearly  constant  value  and  the  current  varies 
with  the  load.  A  constant-potential  machine  can  be  made 
self-regulating  by  providing  it  with  a  compound  field  wind- 
ing. In  order,  however,  to  make  a  direct-current  machine 
regulate  for  constant  current,  it  is  necessary  to  provide  it 
with  an  electromechanical  regulator  of  some  kind  that  will 
adjust  the  voltage  with  changes  in  load,  so  as  to  keep  the 
current  constant. 

These  regulators  are  always  more  or  less  complicated.  It 
is  quite  a  common  thing  to  go  into  arc-light  stations  and 
find  the  regulators  thrown  out  of  action.  Some  of  them 
give  so  ipuch  trouble  that  the  station  men  prefer  to  regulate 
the  machines  by  hand  rather  than  bother  with  them.  Most 
of  these  regulators  shift  the  brushes,  and  if  the  load  does 
not  change  suddenly  (as,  for  example,  on  a  street-lighting 
circuit),  the   dynamo  tender  can  regulate  the  current    by 
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watching  the  ammeter  and  regulating  the  position  of  the 
brushes  by  hand  when  necessary.  On  the  other  hand,  many 
constant-current  arc  machines  regulate  almost  perfectly  and 
give  very  little  trouble  if  the  machine  is  only  kept  clean  and 
in  good  condition, 

15.  For  convenience,  constant-current  arc  machines 
may  he  divided  into  two  general  classes:  (rt)  those  with 
open-coil  armatures  and  (/>)  those  with  closed-coil  arma- 
tures. The  Brush  and  Thomson -Houston  machines  belong 
to  the  first  class,  and  the  Fort  Wayne  or  Wood,  Excelsior, 
Western  Electric,  and  Ball  belong  to  the  second  class. 


I 


16.  Thp  Thomson- Ho  list  on  (T.  II,)  I>ynnjno,- 
machine  has  been  very  largely  used  for  arc  lighting  and 
has  giviMi  excellent  service,  notwithstanding  the  fact  that  its 
regulating  mechanism  is  rather  complicated  and  that,  as  a 
whole,  it  has  more  peculiarities  than  almost  any  other  direct- 
current  machine  in  common  use.  The  General  Electric 
Company,  who  succeeded  the  Thomson -Houston  Company, 
do  not  now  manufacture  this  type  as  their  standard  arc 
machine;  but  since  large  numbers  of  T.  H.  machines  are  in 
use,  wc  will  consider  a  few  points  regarding  them. 

Fig.  il  shows  the  general  appearance  of  this  arc  machine, 
and  Fig.  Hi  shows  how  it  is  connected  with  the  wall  con- 
troller and  the  lamp  circuit.  The  arrangement  of  the  plug 
switchboard,  which  is  merely  shown  at  yi.  Fig,  10,  in  order 
to  make  the  di.igram  complete,  will  be  fully  explained  later. 
J!,  Fig.  ]0,  is  the  wail  controller  that  is  used  to  throw  the 
regulating  magnet  ^/,  Fig.  It,  into  or  out  of  action  whenever 
a  movement  of  the  brushes  is  necessary  to  keep  the  cur- 
rent constant.  K  is  an  adjustable  rheostat  connected  in 
shunt  with  the  right-hand  field  coil.  Constant-current  arc 
machines  are  always  series-wound,  i.  e. ,  the  field  coils  are 
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connected  directly  in  scries  with  the  armature.  If  a  shunt 
is  connected  across  one  of  the  field  cuils,  as  in  this  case,  the 
current  through  that  coil  Is  reduced  and  the  field  is  corre- 
spondingly weakened.  This  rheostat  is  iistrd  to  improve  the 
regulation  of  the  machine  when  it  is  operated  i>n  a  number 
of  lamps  considerably  less  than  its  normLd  rapacity.     The 


machines  are,  however,  frccpiently  npi^ralcd  without  any 
rheostat,  especially  if  they  are  worked  at  nearly  full  load. 
It'  is  a  recording  wattmi-ti-r  used  to  measure  the  total  work 
done  by  the  machine.  The  current  coil  of  this  wattmeter 
is  connected  in  seric's  with  the  dynamo  and  lamps,  and  the 
pressure  coil  is  coriiu'cied  across  the  terminals  of  the  dynamo 
in  series  with  the  resistance  r. 


17.     Armivturcs    for   'I'.   II.    Oyn 
T.  H.  armature  was   nearly   spheriea 


-Th<- 


style 
t  was 
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essentiaHy  of  the  drum  type,  because  the  wire  was  wholly  on 
the  outer  surface  of  the  core  and  the  coils  overlapped.  The 
objtctions  to  it  were  that  it  was  difficult  to  wind,  difficult 


to  repair,  and  poorly  vi'ntilatcd.  The  later  types  of  T.  H. 
machines  are,  fur  these  reasons,  equipped  with  the  ring- 
type  armatures. 


S19 
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Pig.  H  indicates  the  construction  of  this  later  type  of 
armature.  In  this  figure,  the  spider  that  supports  the  core 
has  been  removed, 
and  only  a  portion 
nf  the  coils  is  shown 
in  place,  in  order  to  ■■ 
indicate  the  method  ^ 
of  construction.  The 
core  A  is  built  up  of 
sheet  iron  and  has 
a  slot  S  in  it  wide 
enough  to  admit  the 
coils  c,  so  that  they 
may  be  removed  if  ^"^  "■ 

necessary.  A  laminated  iron  piece  i,  fitting  into  slot  S,  is 
held  in  position  by  end  pieces  and  locks  the  core  securely. 
The  coils  c  are  wound  on  forms  and  are  heavily  insulated. 
The  core  is  supported  by  the  radial  arms  of  the  armature 
spider  which  fit  into  grooves.  This  style  of  armature  gives 
much  better  ventilation  than  the  older  type  and  is  very 
much  easier  to  repair  in  case  a  coil  burns  out. 


KLECTRIC   LIGHTING.  g  19 

immon  jimcticm.     The  remaining  three  cads  are  then  ] 
I   ti)   the  commiitatnr  segments.      Fig,  13  (a)  and  ( 
ws  the  connectiiins  of  a  T.  H.  ring  armature,  (a)  being  1 
s  connections  as  seen  fmm  the  commutator  end  and  (A) 
n  the  pulley  end.     The  individual  coils  of  each  group, 
Ml  as  (T.  fi,  c,  d,  e.  etc.,  are  connected  in  series.     The  ends   | 
arked  i  are  inside  ends  of  coils ;  those  marked  o  are  outside 
I.     Outside  of  the  change  in  the  style  of  armature  and 
e  improvem  ;nts  in  the  hearinirs.  the  T.  H.  machine  has 
ged  h  Ic  since  n  H■a^  msl  brou!;ht  out. 

Gpneml  nemiirks  on  T.  II.  Mftchlnps.— In  opera- 
ing  the  T.  H.  machine,  care  must   l)c  taken  to  see  that  the 
I      ihes  are  correctly  set,  with  regard  to  the  commutator, 
.  also  that  the  commutator  is  properly  set  on   the  shaft, 
wiih  regard  tn  the  armature.      Instructions  for  doing  this 
2    furnished  hy  the  manufacturers    and  a  gauge  is  pro- 
pped for  setting  the  brushes.      Failure  to  attend  to  thi-sc 
ts  will  result  in  "flashing,"  or  the  machine  may  refuse 
pick  up  its  load  at  all, 

30.  FlashliiK  is  a  fault  to  which  arc-light  dynamos  are 
especially  subject.  It  consists  in  a  momentary  short-cir- 
cuiting of  the  machine  by  an  arc  jumping  around  the  com- 
mutator from  brush  to  brush.  This  produces  a  flash,  so  well 
known  in  connection  with  these  machines.  It  may  arise 
from  a  number  of  different  causes.  In  the  T.  H.  machine, 
an  improper  setting  of  the  bru.shes  or  commutator  referred 
to  above  may  cause  it,  alwi  defects  in  the  air  blast.  If  the 
jets  become  stopp<jd  up  or  if  the  blower  itself  is  out  of  order, 
the  puffs  of  air  will  not  be  delivered  so  as  to  blow  out  the 
spark.  This  will  allow  it  to  carry  over  to  the  adjacent  seg- 
ment and  a  Hash  will  result.  A  flash  is  immediately  followed 
by  a  lowering  of  the  regulator  and  must  not  be  con- 
founded with  the  ordinary  sjiarkinf;  of  the  machine.  When 
a  T.  H.  machine  is  running  under  normal  conditions,  there 
is  a  spark  about  j^^  to  \  inch  long  at  the  ends  of  the  brushes. 
This  spark  has  a  viiilct  tinge  and  does  no  special  harm;  in 
fact,  an  experienced  hand  can  tell  by  the  size  and  color  of 
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the  spdrk  if  he  has  the  brushes  and  commutator  adjusted 
correctly  or  not.  When  flashing  t^ccurs,  it  generally  indi- 
cates that  something  is  wrong,  and  the  trouble  should  l>e 
looked  up  and  retnedied.  Bad  contacts  in  the  wall  controller 
are  another  cause  of  flashing:  an  overload  on  the  dynamo  or 
a  low  speed  will  also  give  rise  to  it.  Sometimes  flashing  is 
caused  by  a  short  circuit  or  open  circuit  in  one  of  the  arma- 
ture coils.  Trouble  of  this  kind  in  the  armature  will,  as  a 
rule,  not  only  cause  bad  flashing,  but  will  also  cause  the 
brushes  to  spark  much  more  than  usual.  Sometimes  flash- 
ing occurs  when  there  is  no  fault  in  cither  the  wall  con- 
troller or  the  dynamo.  The  wires  may  be  crossed  at  some 
point  on  the  line,  so  that  as  they  sway  back  and  forth,  part 
of  the  circuit  is  cut  in  or  out,  thus  throwing  part  of  the 
load  on  and  off.  With  some  styles  of  differential  lamps  a 
break  in  the  shunt  circuit  of  one  or  more  of  the  lamps  will 
often  cause  flashing.  Such  a  break  may  be  caused  by  light- 
ning and  will  prevent  the  lamp  feeding  when  it  should. 
The  characteristic  of  flashing  resulting  from  this  cause  is 
that  it  occurs  at  regular  intervals.  As  the  carbons  of  the 
faulty  lamp  burn  away  they  become  farther  and  farther 
apart,  because  the  shunt  coil  is  out  of  action  and  cannot  make 
the  lamp  feed.  The  resistance  of  the  arc  finally  becomes 
so  great  that  the  dynamo  can  no  longer  keep  the  current 
constant  and  the  machine  final! v  flashes.  This  momen- 
tarily  cuts  off  the  current  from  the  circuit,  so  that  the 
carbons  drop  together  and  the  same  performance  is  repeated. 

21.  Sparking:. — As  already  stated,  T.  II.  machines 
always  run  with  a  sf)ark,  even  when  they  are  in  perfect  con- 
dition. Sometimes,  however,  they  spark  more  than  they 
should,  and  in  such  cases  the  trouble  should  be  looked 
up.  Inaccurate  setting  of  the  brushes,  loose  brushes,  or 
loose  commutator  segments  will  cause  sparking.  Defects 
in  the  air  jets,  dirty  commutator,  too  much  oil  on  com- 
mutator, and  ragged  or  bent  brushes  are  other  causes. 
Sparking  is  sometimes  caused  by  the  dynamo  gen(;rating 
a   larger   current    than   it  should      If   this  is   the  case,  it 
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will  be  indicated  by  the  ammeter,  and  the  wall  controller 
should  be  inspected  and  adjusted.  On  account  of  the  pecu- 
liar construction  of  the  T.  H.  machine,  there  are  a  great 
many  things  that  may  give  rise  to  flashing  and  sparking. 
Those  given  above  are  a  few  of  the  more  important  ones. 
It  must  not  be  inferred,  however,  that  the  machine  is  not 
satisfactory  on  this  account.  In  fact,  there  are  few  arc 
dynamos  that  have  given  such  generally  good  service  as 
the  T.  H.,  and  after  a  man  has  worked  around  them  a  while 
he  soon  becomes  accustomed  to  the  method  of  handling 
em  and  has  very  little  trouble.  The  wall  controllers 
jvquire  scarcely  any  attention  and  will  work  year  in  and 
vcar  out  without  giving  trouble.  The  T.  H.  machine  has 
een  replaced  by  other  types,  not  because  it  was  unsatisfac- 
tory, but  because  of  the  demand  fur  larger  machines  of 
higher  efficiency  which  could  handle  a  larger  number  o£ 
lamps.  Most  of  the  older  styles  of  constant-current  arc 
dynamos  had  a  very  low  electrical  efficiency  compared  with 
constant -potential  dynamos  of  the  same  output. 

32.  Tlie  Brush  Arc  I5ynaino.  —  The  old  style  Brush 
arc  machine  was  very  simple  in  construction.  Large  num- 
bers of  these  machines  are  still  in  use,  but  they  are  gradually 
being  replaced  in  the  larger  plants  by  the  later  style  shown 
in  Fig.  13.  These  machines  are  much  larger  than  the  bipolar 
type  and  have  a  higher  efficiency.  The  armature  j1/ is  of 
the  ring,  open-circuit  type,  and  its  general  construction  is 
the  same  as  that  of  the  older  style  armature  with  a  number 
of  improvements  in  the  mechanical  details  and  method  of 
insulation.  The  connections  are  also  slightly  different  in 
order  to  adapt  the  armature  to  a  four-pole  field.  Instead  of 
connecting  diametrically  opposite  coils  in  series,  as  in  a 
two-pole  machine,  four  coils  situated  one-quarter  of  a  cir- 
cumference from  one  another  are  connected  in  series  and 
the  terminals  brought  out  to  the  commutator  segments. 

The  field  is  the  same  in  some  respects  as  that  on  the  old 
machine,  but  there  are  four  poles  on  each  side  of  the  arma- 
ture instead  of  two.     On  each  side  the  poles  are  alternately 
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oorth  and  sDoth.  but  pule»  directlr  upposte  ea.ch  other  xrc 
of  the  same  polaritT.  For  example,  in  Fig.  13,  poles  ,-t.  A 
arc  alike  and  ot  one  paJaritr,  vfailc  B.  B  are  aSsa  alike  but 
uf  oppaeiiit  polarhr  to  A,  vf.     In   pUdng  and  connecting 


the  field  cnils,  the  instructions  sent  out  by  the  ninki-iN 
should  be  followed  carefully,  and  it  is  always  a  j-ood  pliui  tu 
send  current  through  the  coils  and  test  the  [lolarily  with  a 
compass  before  starting  up  the  machiuL-. 

23.     The  other  chief  point  of  difference  between  the  new- 
Style  and  old-style   Brush  machine  lies   in   the    regulator. 
LThe  old  regulator  wiis  entirely  separate  from  the  dynamo 
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i  took  the  form  of  a  carbon  resistance  connected  in 
snunt  across  the  terminals  of  the  field.  This  resistance 
was  made  of  a  pile  of  carbon  plates  that  were  pressed 
together  by  a  lever  pulled  by  a  magnet  connected  in  series 
in  the  circuit.  If  the  current  increased,  the  magnet  pulled 
on  the  lever  and  pressed  the  plates  together,  thereby  lower- 
ing the  resistance  in  shunt  with  the  field.  This  allowed  a 
greater  proportion  of  the  current  to  flow  past  the  field 
windings,  thus  cutting  down  their  magnetizing  power,  low- 
ering the  voltage,  and  bringing  be  main  current  back  to 
its  proper  value.  If  any  regula'  ion  of  the  brushes  were 
necessary  to  prevent  undue  spa  king,  it  was  accomplished 
by  hand.  In  the  later  machines  he  regulator  is  mounted 
on  the  dynamo  and  not  only  varies  the  amount  of  the 
resistance  shunted  across  the  field,  but  also  tipSthe  brushes 
go  as  to  regulate  the  sparking. 

'44.  The  regulator,  Fig.  13,  is  in  the  box  Cand  will  be 
described  in  detail  later.  The  rheostat  P  is  connected  in 
shunt  across  the  terminals  of  the  field  by  means  of  the 
wires  n,  a'.  This  resistance  is  divided  into  a  number  of 
steps,  connections  to  which  are  made  by  an  arm  moving 
over  the  contacts  /'.  This  arm  is  moved  by  the  regulator 
and  at  the  same  time  the  brushes  are  tipped  by  means  of 
the  mcker-arm  c  attached  to  the  brush-holder  yoke  d. 

HiS.     Tlic     ICcffiilator. — Two    types   of    regulator    have 

been  brought  out  for  the  multipolar  Brush  machines.  The 
first  ty]»e  used  magnetic  clutches  to  move  the  rheostat  arm. 
A  shaft  on  which  were  mounted  two  magnetic  clutches  was 
driven  at  a  uniform  speed  by  a  belt  from  the  main  shaft. 
The  shaft  carrying  the  rheostat  arm  was  moved  by  the 
clutch  shaft  by  means  of  beveled  gears,  so  that  when  cur- 
rent was  allowed  to  pass  through  one  clutch,  the  rheostat 
arm  was  moved  in  one  direction,  and  when  the  other  clutch 
was  thrown  into  action,  the  arm  was  moved  in  the  opposite 
direction.  The  current  through  the  clutches  was  regulated 
by  a  wall  controller.      This  controller  consisted  of  two  series 
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magoets  pn)Tideti  with  armatures  carrying  ct>nt;icis,  *>.>  that 
when  the  current  became  luw  one  clutch  was  eiiergiaed,  ain,l 
whea  to«i  large,  the  other.     This  form  of  rej^uUtor  is  aot 


now  manufact 
it  in  detail.  1 
regulator   is  i? 


I  not  !><■  necessary  t<i  dcscrihe 

c  isslK.wnin  Fin-  U.      Thi^: 

.  i\  Vig.  i:i,  but   rig.  U   is  a  larger 
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ew,  showing  the  regulator  with  its  rheostat  detached  from 
the  machine.  It  requires  no  wall  controller  and  is  oper- 
ated by  an  encased  magnet  m  connected  in  series  with  the 
lamps.  The  magnet  m  does  not  move  the  rheostat  arm  a, 
but  simply  controls  a  valve  that  admits  oil  under  pressure 
to  either  side  of  a  vane  or  piston  that  swings  around  in  the 
rloscil  chamber  l>.  The  oil  pressure  necessary  to  operate 
the  piston  is  maintained  by  means  of  a  small  rotary  pump  c 


driven  by  a  belt  from  the  dynamo  shaft  running  on  pulley  d. 
The  lower  case  is  filled  with  oil  to  a  point  a  little  below  the 
rheostat -arm  shaft. 

Fig.  15  shows  the  working  parts  of  the  regulator  with  the 
outer  casing  removed.  The  pump  consists  of  two  gears 
1,  S,  Fig.  If),  meshing  with  each  other.  Oil  is  drawn  from 
the  lower  part  of  the  box  and  discharged  through  the  valve, 
which  moves  up  and  down  in  a  chamber  at  c.  The  series 
magnet    m  pulls  on    the    lever  f,  which   operates   against 
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the  adjusting  spring/.  The  valve  is  operated  by  means  of 
the  link  r.  The  piston  or  vane  b  Is  movable  and  is  free  to 
swing  around  in  the  chamber  /.  The  partition  w  is  fixed,  so 
that  when  oil  is  pumped  in  above  w  and  is  allowed  to  flow 
out  below,  the  vane  b  moves  clockwise  and  moves  the  rheo- 
stat arm  in  the  same  direction.  When  oil  it;  pumped  in  on 
the  lower  side  and  allowed  to  flow  out  on  the  upper,  the 
vane  moves  counter  clockwise.  When  the  current  is  at  its 
normal  value,  the  valve  is  in  its  central  position  and  the  ports 


are  arranged  so  that  the  oil  passes  in  and  out  of  the  valve 
chamber  without  affcctiiig  the  piston.  Under  such  circum- 
stances, therefore,  the  rheostat  arm  remains  stationary. 

Fig.  16  shows  the  arrangement  of  the  valve.  It  is  here 
shown  in  its  mid-position  and  the  arrows  show  how  the  oil 
flows  past  the  valve  and  back  into  the  chamber.  When  the 
valve  is  raised  slightly,  the  flow  through  the  ports  o,  o\% 
stopped  and  oil  is  f<irci:d  into  the  chamber  ,r,  thus  for- 
cing the  piston  to  the  right,  or  clockwise.  As  soon  as 
/.    lll—^ii 
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;nt   has   regained   the   normal  amount,  the  valve 

•  I  ^..niimes  the  central  position  and  the  oil  flows  through 

'ore.     If  the  current  falls  below  normal,  the  magnet 

-iits  weakened  and  the  valve  moves  below  the  central 

n.     In  this  case  the  upper  chamber  x  is  cut  o£E  from 

^  jjjmp,    but   is   opened  to  the   outside   while   the   cor- 

icaponding  lower  chamber  is  opened  to  the  pump  and  cut 

off  from  the  outside  and  the  vane  or  piston  b  is  forced  to 

the  left,  or  counter  clockwise.     The  valve  s  is  used  to  make 

an  opening  between  the  two  chambers,  so  that  the  action  of 

the  regulator  may  he  stopped  when  desired.     Any  adjust- 

,ent  that  may  be  found  necessary  is  made  by  varying  the 

Li^nsion  on  spring/,  Fig.  16,  by  means  of  the  knob  /at  the 

bottom  of  the  case.     The   quickness  of  action  can  also  be 

regulated  by  varying   the   length  of  the   stops   /,  /'   on  the 

lever  f,  Fig.  IG. 

120.  In  addition  to  moving  the  rheostat,  the  regulator 
also  tips  the  brushes  by  means  of  an  arm  extending  down 
from  the  rocker  and  carrying  a  toothed  arc  that  engages 
with  a  small  spur  wheel  on  the  shaft  carrying  the  rheostat 
arm.  By  this  movement  the  brushes  are  adjusted  with 
the  changes  in  load  so  as  to  keep  the  spark  at  the  brushes 
about  I  inch  long  on  short  circuits  and  J  inch  long  on  full 
loads. 

Some  of  these  machines  are  provided  with  what  is  called 
a  s]Mirk-coiitrollliiK  switeli.  This  is  an  adjustable  resist- 
ance in  series  with  the  rheostat.  By  varying  this  resistance, 
the  field  strength  of  the  machine  may  be  adjusted,  to  a  cer- 
tain e.\tent.  independently  of  the  position  of  the  rheostat 
arm,  and  the  field  strength  determines,  to  a  large  extent, 
the  apnnunt  <if  sparking.  On  these  machines  the  spark  at 
the  negative  brush  (the  top  or  horizontal  brush)  follows  the 
brush  in  a  zigzag  line,  while  that  on  the  positive,  or  vertical, 
brush  follows  the  brush  in  a  straight  line. 

37.  The  controller  described  iibove  will  hold  the  current 
at   its  correct    value  with  very  little   variation  either   way. 
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Its  chief  advantages  over  the  magnetic  clutch  controller  are 
that  it  requires  no  wall  controller  and  it  is  not  so  liable  to 
give  a  seesawing  effect.  The  regulation  is  brought  about 
more  evenly  than  when  clutches  are  used  and  ia  not  so  liable 
to  overshoot  the  mark  and  then  have  to  be  brought  back 
again,  thus  giving  rise  to  surging  effects  in  the  current. 
The  oil  regulator  is  comparatively  simple  in  construction, 
and  there  are  few  parts  of  it  that  are  liable  to  give  trouble, 
and  the  moving  parts  run  in  oil,  so  that  the  wear  is  very 
slight.  A  light  dynamo  oil  should  be  used,  and  when  the 
machine  is  first  installed  the  old  oil  should  be  drawn  off  and 
replaced  by  new  at  least  once  a  week  until  all  grit  and  dirt 
have  been  cleaned  out.  The  cover  must  never  be  left  off 
the  regulator. 

!38>     Connections  ur  Miiltlpolnr  Bnisli  Arc  Dynamo. 

The  number  of  coils  on  the  armature  and  the  number  of 
commutators  depends  on  the  size  of  the  machine.  The 
larger  sizes  have  four  commutators  and  the  smaller  three. 
Each  group  of  coils,  with  its  commutator  and  brushes,  may 
be  considered  as  a  dynamo  by  itself,  because  the  various  sets 
of  windings  have  no  connection  with  one  another  unless 
they  arc  connected  through  the  outside  circuit.  On  account 
of  having  this  style  of  armature  winding  with  a  number  of 
separate  commutators,  the  machines  may  easily  be  con- 
nected so  as  to  operate  a  single  circuit  or  a  number  of  cir- 
cuits, as  previously  explained. 


CL,08EI»-C0IL  MAC;tIINKS. 

21).  The  Wood  Arc  Dyuanio. — This  machine  has  a 
simple  closed-coil  ring  armature  and  a  commutator  divided 
into  a  large  number  of  segments  so  as  to  make  the  voltage 
between  segments  low  and  prevent  undue  sparking.  Fig.  17 
shows  one  of  these  machines  of  I'iS  lights  capacity,  and, 
therefore,  capable  of  generating  about  (5,350  volts  at  full 
load.      The   controlling   magnet   m   of   the  regulator  here 
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SiDwn  is  connected  in  series  with  the  line  and  operates  s 
Itever  «.  The  brushes  are  moved  by  means  of  a  small  douQ 
fiction  clutch  that  is  contained  in  the  cusing  shown  at  i 
RThen  the  lever  is  pulled  up  beyond  the  normal  jKisition,  the 
clutch  moves  the  brushes  forwards  by  means  of  the  gears 
ti,  thus  lowering  the  current.  If  the  current  becomoB 
s  down  and  the  clutch  i 


brushes  back,  thus  increasing  the  current.  These  machir 
operatt;  on  a  single  circuit  and  are  made  as  large  as 
150  lights  capacity.  The  largest  size  of  machine  is  of  a  some- 
what different  design  from  that  shown  in  Pig.  17.  hut  the 
principle  of  oiMiration  is  the  same.  The  connections  used 
with  the  Wood  system  are  very  simple.  The  armatui 
fields,  and  regulating  magnet  are  all  connected  in  i 
and  the  regulation  is  effected  altogether   by  tip|HJig  i 
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brushes,  there  being  no  rheostat  of  any  kind  in  shunt  with 
the  fields. 

30,  The  Excelsior  and  Western  Electric  machines  also 
have  closed-coil  armatures.  The  larger  sizes  of  the  more 
recent  Western  Electric  machines  are  of  the  four-pole  type 
and  have  two  pairs  of  brushes.  This  dynamo  is  provided 
with  two  regulators  and  supplies  two  circuits  in  parallel. 
Each  of  the  regulators  controls  one  pair  of  brushes.  This  is 
a  somewhat  different  multiple-circuit  arrangement  from  that 
of  the  Brush  machine,  because  there  the  two  loops  or  circuits 
are  in  series  and  the  current  is  bound  to  be  the  same  in 
each,  hence  only  one  regulator  is  needed.  Moreover,  if  the 
circuit  is  opened  at  any  point,  the  full  pressure  of  the  dynamo 
is  obtained  at  the  break.  When  the  circuits  are  in  parallel, 
it  is  evident  that  each  circuit  must  have  a  regulator  of  its 
own,  but  under  no  circumstances  can  the  pressure  obtained 
exceed  that  which  is  ordinarily  applied  to  one  circuit,  i.  e., 
half  the  pressure  that  the  machine  would  have  to  generate 
if  all  the  lamps  were  connected  in  series. 

31.  General  Remarks. — From  the  above  it  will  be 
noticed  that  the  general  tendency  has  been  to  produce  arc 
machines  of  larger  output  rather  than  to  make  any  radical 
change  in  the  design.  The  most  modern  Brush  machines 
are  almost  exactly  the  same,  so  far  as  general  principles  are 
concerned,  as  those  first  manufactured.  When  it  comes  to 
making  large  constant-current  machines,  however,  diffi- 
culties are  met  with  on  account  of  the  high  voltage  that  they 
must  generate,  and  the  largest  size  of  Brush  machine  is  only 
of  about  76  kilowatts  capacity.  This  machine  generates 
9. G  amperes  at  8,000  volts  or  6.6  amperes  at  11,000  volts, 
depending  on  the  winding  with  which  it  is  provided.  These 
machines,  while  small  compared  with  most  constant-potential 
dynamos,  are  considerably  larger  than  the  older  types  of 
arc  machines  and  have  a  somewhat  higher  efficiency.  Large 
machines  are  almost  a  necessity  in  city  stations  where  a 
large  number  of  lamps  must  be  operated  and  where  floor 
space  is  limited. 


ELECTRIC    LIGHTING. 

CAltE  OF  ARC  MACHINES. 

38.  The  ordinary  constant-putential  dynamo,  genert 
ting  current  at  110,  220,  or  500  volts,  will  give  compara- 
tively little  trouble  if  it  is  kept  clean  and  the  commutator 
attended  to.  Carbon  brushes  will  wear  for  a  long  time 
without  requiring  much  attention.  On  the  other  hand, 
arc  machines  require  considerable  attention.  It  is  not  the 
intention  here  to  take  up  the  points  relating  lo  particular 
types  of  machines,  but  simply  to  take  up  a  few  points 
applying  to  arc  machines  in  general.  Instructions  relating 
to  particular  makes  of  machines  are  furnished  by  the  mattaa 
ufacturers.  ^| 


33.  Insnlatlon  of  Machine. — The  insulation  betweei^ 
an  arc  machine  and  the  ground  should  be  high  and  the 
mounting  should  be  carried  out  with  this  end  in  view. 
The  dynamo  should  be  fastened  to  a  heavy  frame,  made  of 
well-seasoned  wood,  oiled  and  varnished.  The  foundation 
bolts  should  be  so  countersunk  in  this  frame  that  there  will 
be  no  danger  of  the  base  of  the  machine  or  its  holding-down 
bolts  coming  into  contact  with  the  foundation  bolts.  The 
arc  lines  connected  to  the  machines  are  always  more  or 
less  grounded,  and  a  ground  on  the  dynamo  frame  will 
help  to  bring  about  a  breakdown,  besides  being  dangerous. 
Sometimes  static  charges,  caused  by  the  driving  belt,  will 
accumulate  on  arc  machines  where  the  insulation  from  the 
ground  is  very  high.  These  charges  may  sometimes  be 
seen  jumping  from  the  pole  pieces  to  the  armature  coils  and 
thence  to  ground.  In  order  to  lead  off  such  charges,  a  very 
high  resistance  may  be  connected  from  the  frame  to  the 
ground.  Resistances  made  of  graphite  are  often  used  for 
this  purpose,  but  in  most  cases  a  small  charred  groove  from 
the  base  of  the  machine  to  a  foundation  bolt  will  answer, 
A  heavy  rubber  mat  should  be  provided  at  each  arc  machine 
for  the  attendant  to  stand  on.  One  cannot  be  too  carei 
when  working  around  such  high-pressure  machines  afld  1' 
best  not  to  lake  any  chances. 
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34.  Cleanlngr  on»l  Wiplnp;. — In  the  first  place,  the  fact 
must  never  be  lost  sight  of  that  series  arc  dynamos  generate 
a  very  high  pressure,  much  higher,  in  fact,  than  many  of 
the  alternators  in  common  use.  Cleanliness  is  essential 
with  all  dynamo-ulectric  machinery,  but  it  is  especially 
important  in  the  case  of  arc  machines.  All  dust  and  dirt 
must  be  kept  off  them  or  a  short  circuit  of  some  kind  is 
bound  to  occur  sooner  or  later.  It  will  pay  any  station  that 
operates  many  of  these  machines  to  put  in  a  small  air  com- 
pressor and  pipe  compressed  air  around  the  station,  so  that 
the  dust  and  dirt  may  be  blown  out.  Holes  and  corners 
can  be  reached  in  this  way  that  would  never  be  touched 
or  that  could  not  be  reached  otherwise.  Although  a 
dynamo  may  look  clean  to  outside  appearances,  dirt  and 
copper  dust  will  often  accumulate  in  just  those  places  where 
it  will  eventually  cause  a  breakdown  and  from  which  it 
Would  be  dislodged  jf  a  stiff  air  blast  were  used.  The  com- 
mutator of  an  arc  machine  always  requires  more  or  less 
sandpapering,  and  the  copper  dust  resulting  from  this  is 
especially  liable  to  give  trouble.  Wherever  terminals  are 
carried  through  castings  by  means  of  bushings,  as,  for 
example,  on  the  legs  of  the  T.  H.  dynamo  or  where  brush- 
holder  studs  pass  through  the  rocker-arm,  care  should  be 
taken  to  see  that  the  insulating  washers  are  kept  clean.  It 
is  a  good  plan  to  clean  them  with  benzine  occasionally  and 
to  give  them  a  coat  of  clean,  thick  shellac.  Machines 
should,  if  possible,  be  wiped  and  thoroughly  cleaned  imme- 
diately after  they  are  shut  down.  When  the  machines  are 
warm,  the  cleaning  is  much  more  ciTective  than  after  they 
have  cooled  down. 


35t  Brashes  and  Cominntator.— Arc  machines  always 
Spark  more  or  less.  This  is  especially  true  of  the  open-coil 
machines,  i.  e.,  the  Brush  and  T.  H.  This  sparking  does  not 
cause  as  much  burning  of  the  commutator  and  brushes  as 
might  at  first  be  expected,  because  the  volume  of  current  is 
small  and  the  heating  and  burning  effects  are  also  small  If 
the  same  amount  of  sparking  occurred  on  a  constant-potential 
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machine  delivering  a  large  current,  the  commutator  and 
brushes  would  very  soon  become  burned.  At  the  same  time, 
the  segments  always  roughen  up  to  some  extent  and  the 
commutator  should  be  cleaned.  On  the  T.  H.  and  Brush 
machines  a  strip  of  very  fine  sandpaper  (never  emery  or 
crocus  cloth)  held  against  the  commutator  for  a  minute  or 
two  just  before  the  machine  is  shut  down  should  be  sufR- 
cient  to  keep  the  segments  smooth,  unless  they  have  been 
allowed  to  get  in  very  bad  shape.  This  may  be  done  with- 
out removing  the  brushes,  but  all  copper  dust  should  be 
thoroughly  cleaned  or  blown  out  afterwards.  It  is  often  a 
good  plan  to  put  a  little  oil  on  the  commutator,  as  it  gener- 
ally prevents  the  cutting  of  the  segments.  Oil  should,  how- 
ever, be  used  in  very  small  quantities.  If  too  much  is  used, 
it  will  make  the  commutator  blacken  or  it  may  cause  flashing. 
In  working  around  the  commutator  of  these  machines,  great 
care  should  be  taken.  Use  only  one  hand,  and  if  it  is  neces- 
sary to  wipe  off  the  commutator,  fasten  the  cloth  on  the  end 
of  a  stick,  so  that  it  will  not  be  necessary  to  bring  the  hand 
close  to  the  brush  holders. 


36.  Nearly  all  arc  machines  use  copper  brushes.  An 
exception  to  this  is  the  Western  Electric  dynamo,  which  uses 
graphite  or  carbon  brushes.  The  T.  H,  and  Brush  m.ichines 
use  thin  brushes,  consisting  of  one  thickness  of  rolled  copper 
about  .03  inch  thick.  The  brush  is  divided  into  a  number 
of  fingers  by  longitudinal  slits,  in  order  U>  make  it  flexible. 
Brushes  of  this  kind  should  rest  on  the  commutator  tan- 
gentially  and  should  be  sprung  or  bent  just  enough  to 
give  a  good,  firm  contact.  Gauges  for  setting  the  brushes 
are  generally  sent  with  the  machines.  The  copper  brushes 
used  on  the  Wood,  Excelsior,  Ball,  and  other  machines 
having  closed-coil  armatures  are  made  up  of  a  number 
of  leaves  of  thin,  rolled  copper  (usually  from  .01  to  .016  inch 
in  thickness).  These  brushes  arc  set  at  a  slight  angle 
to  the  commutator,  so  that  the  end  wears  down  on  a 
bevel.  The  sparking  always  burns  the  enils  of  the  brushes 
more  or  less  and  draws  the  temper  fri>m  the  copper  for  a 
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short  distance  back  from  the  tip.  This  necessitates  clipping  I 
oft  the  ends  from  time  to  time,  so  as  to  keep  them  straight  and  J 
smooth.  After  being  clipped,  the  ends  should  be  smoothed  J 
lip  with  a  fine  file.  As  these  brushes  are  quite  thin  and  do  I 
not  carry  a  heavy  current,  it  is  not  necessary  to  file  the  ends  1 
I'j  a  bevel  to  suit  the  commutator,  as  must  be  dor,?  with  the  | 
ihick  copper  brushes  used  on  constant-potential  machines. 


37.     Troubles   In    Armatures.  —  The   troubles   in   arc  | 
armatures  are  usually  of  three  kinds;  ^omiiis,  short  circuits,  \ 
and   of-cii  circuits.     Grounds   are  generally   caused   by  the  I 
insulation  breaking  down  between  the  core  and  one  or  more  I 
of  the  coils.      As  it  la  not  usually  possible  to  get  at  the  insu- 
lation between  the  core  and  the  coil,  the  only  remedy  is  to 
rewind  the  defective  part.     Short  circuits  are  caused  cither 
by  two  commutator  bars  becoming  connected  together,  by 
the  coil  terminals  becoming  connected,  or  by  a  connection 
being  made  between  the   turns  of  the   coil  itself.     In  any 
event,  a  short-circuited  coil  is  almost  sure  to  burn  out  aft  1 
soon  as  the  machine   is  started,  because  the  coil  with  the  j 
short  circuit  forms  a  closed  circuit  in  itself,  and  as  soon  as  it  I 
licgins  to  cut  lines  of  force,  heavy  local  currents  flow  in  it.  * 
An  open  circuit  in  a  coil  will  not,  of  course,  cause  the  coil  to  ] 
burn  out,  but  it  will  cause  bad  sparking  at  the  commutator. 

On  closed-coil  armatures,  where  the  number  of  coils  is  | 
large,  a  defective  coil  may  be  cut  out  temporarily  without  ' 
interfering,  to  any  great  ex- 
tent, with  the  operation  of  the 
machine,  but  it  should  be  re- 
newed at  the  first  opportunity. 
A  coil  may  be  cut  out  by  dis- 
connecting its  terminals  from 
the  commutator  and  putting  a 
short  piece  of  wire  or  a  jumper 
in  its  place,  as  indicated  in 
Fig  IS  [a)  and  (b).  Here  a 
is  the  defective  coil  connected 
to  the  bars  in  the  usual  way, 
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as  shown  in  {it).  This  coil  may  be  cut  out  by  disconnectirg 
its  ends  x.  y,  fastening  them  back  tmt  of  the  way,  and  con- 
necting bars  r,  d  by  means  of  a  small  piece  of  wire  or 
jumper  c,  as  shown  in  Fig.  If*  {b).  This  will  usually  tide 
over  the  difficulty  in  case  of  a  ground  or  open  circuit  in 
coil  a.  In  case  the  trouble  is  an  open  circuit,  it  is  always 
well  to  examine  the  leads  coming  out  to  the  bars  very  care- 
fully before  cutting  out  the  coil  altogether.  A  large  pro- 
portion of  the  breaks  met  with  are  in  these  leads  and  not  in 
the  coil  itself,  and  can  be  repaired  without  much  difficulty. 
If  any  soldering  is  necessary  to  repair  the  break,  use  a  solu- 
tion of  rosin  in  alrohol  for  a  fiux,  but  do  not  use  soldering 
acid.  Also,  turn  the  armature  around  so  that  none  of  the 
solder  will  drop  in  where  it  will  be  likely  to  give  trouble. 
In  case  a  coil  has  a  short  circuit  within  itself,  it  will,  of 
course,  burn  nut  whether  it  is  disconnected  from  the  other 
coils  or  not,  and  tn  so  doing  it  is  liable  to  injure  adjacent 
coils.  Il  is  best,  therefore,  to  rewind  such  a  coil  before 
attempting  to  operate  the  machine. 

38.  Troubles  In  Field  Colls.— The  field  coils  of  arc 
machines  are  more  liable  to  become  grounded  than  those  of 
constant-potential  dynamos  because  of  the  high  pressures 
used.  Open-circuited,  grounded,  or  short-circuited  field 
coils  may  be  located  by  applying  the  ordinary  tests. 

Arc  machines  should  be  rung  up  with  a  magneto  for 
grounds  from  time  to  time,  and  it  is  best  to  make  a  practice 
of  doing  it  every  day.  The  newer  types  of  machines  are 
very  heavily  insulated,  but  as  a  ground  is  not  only  liable  to 
interfere  with  the  operation  of  the  machine,  but  is  also 
decidedly  dangerous,  it  is  best  to  test  out  the  machines  at 
regular  intervals.  Sometimes,  especially  on  some  of  the 
older  machines,  the  insulation  on  the  inner  layers  of  the  field 
winding  becomes  gradually  carbonized  so  that  the  layers 
become  short-circuited.  When  this  happens,  the  machine 
will  not  be  able  to  generate  its  full  voltage  and  carry 
its  load.  A  careful  measurement  of  the  field  resistance 
with  a  Wheatstone  bridge  will  usually  show  whether  any 
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of  the  layers  are  short-circuited  or  not.  The  correct  field 
resistance  is  usually  given  by  the  palters,  so  that  a  defective 
field  coil  may  be  detected. 

Grounds  on  field  coils  are  sometimes  caused  by  lightning 
gettinji;  into  the  mai-hine  and  puncturing  the  spool  insula- 
tion. In  other  cases,  they  may  be  caused  merely  by  a 
gradual  deterioration  of  the  insulation  due  lo  heat  or  other 
causes.  In  rewinding  the  fields  or  armatures  of  arc 
machines,  great  care  should  be  taken  to  see  that  the 
insulation  on  the  ends  and  on  the  cylindrical  part  of  the 
sp<jol  is  as  perfect  as  possible.  Carelessness  in  insulating 
these  spools  or  armature  coils  when  rewinding  often  results 
in  a  bum-out  almost  as  soon  as  the  machine  is  started  up. 
Fine  cambric  treated  to  four  or  five  coats  of  insulating 
varnish,  mixed  with  a  small  amount  of  linseed  oil  and  al- 
lowed to  dry,  will  be  found  to  make  an  excellent  insula- 
ting material  and  is  much  better  than  cotton  covered  with 
ordinary  shellac  varnish.  The  safest  plan,  however,  is  to 
note  carefully  the  way  in  which  the  spool  was  insulated 
before  and  then  see  that  it  is  repaired  so  as  to  be  at  least 
as  yood. 

39.  Reversal  of  Polarltj-. — Sometimes  the  polarity  of 
arc  machines  becomes  reversed.  This  is  usually  due  either 
lo  lightning,  wrong  plugging  at  the  switchboard,  or  the 
circuit  from  the  machine  coming  into  contact  with  some 
other  circuit.  When  a  machine's  polarity  is  reversed,  the 
lamps  operated  by  it  will  burn  "upside  down,"  i.  e.,  the 
lower,  or  short,  carbons  will  be  positive  and  will  burn  twice 
as  fast  as  the  upper.  If  the  current  is  allowed  to  flow  in 
the  wrong  direction  for  any  great  length  of  time,  the  bottom 
carbon  holders  will  be  destroyed.  It  is  important,  there- 
fore, to  see  that  trouble  of  this  Idnd  is  remedied  as  soon  as 
possible.  As  far  as  the  lamps  are  concerned,  the  trouble  can 
be  overcome  by  simply  reversing  the  plug  connections  at 
the  switchboard,  but  the  polarity  of  the  dynamo  should  be 
righted  at  the  first  opportunity.  This  may  ha  done  as  fol- 
lows:    Connect  the  brushes  together   by  a  piece  of  wire  so 


M  ELECTRIC   LIGHTING.  §  19 

that  the  armature  will  be  short-circuited  and,  hence,  will 
allow  current  to  pass  through  the  fields  without  running 
the  machine  as  a  motor.  On  the  T.  H.  machine  this  can 
he  done  by  simply  closing  the  armature  short-circuiting 
switch,  or  field  switch,  as  it  is  sometimes  called.  Then 
connect  the  positive  pole  of  another  machine  to  the 
negative  pole  of  the  machine  to  be  fixed  and  allow  the 
current  to  flow  for  a  few  moments.  If  another  machine 
is  not  available,  a  number  of  cells  of  battery  may  be 
used.  This  will  reverse  the  polarity  and  bring  the  machine 
back  to  its  former  condition.  After  this  is  done,  the  short- 
circuiting  loop  may  be  removed  from  the  brushes.  Do 
not  attempt  to  reverse  the  polarity  while  the  machine  is 
running. 

40.  Bnnniusr  Arc  Afoclilaes  In  8erl€>8.  —  Sometimes 
conditions  may  arise  where  it  is  necessary  to  run  two  arc 
machines  in  series  in  order  to  supply  the  lamps  on  a  given 
circuit,  because  the  number  of  lights  to  be  operated  may 
exceed  the  capacity  of  any  one  of  the  available  machines. 
The  two  machines  are  connected  in  series  by  connecting 
the  positive  terminal  of  one  to  the  negative  terminal  of 
the  other,  in  just  the  same  way  as  cells  of  battery  are  con- 
nected together  when  their  E.  M.  F.'s  are  to  be  added. 
When  arc  machines  are  run  in  this  way  there  is  often 
trouble  due  to  the  current  seesawing  or  hiinttng,  as  it  is 
sometimes  called. 

The  current,  instead  of  remaining  steady,  surges  up  and 
down.  This  is  caused  by  the  unstable  action  of  the  regu- 
lators on  the  two  machines;  both  try  to  do  the  regulating 
at  once  and  the  result  is  an  unstable  condition  of  affairs. 
The  best  thing  to  do  under  such  circumstances  is  to  throw 
one  regulator  out  of  action  and  make  the  machine  generate 
its  full-load  voltage  by  blocking  the  regulator  or  setting  the 
brushes  at  their  position  of  ma.ximum  E.  M.  F.  This 
machine  will  then  generate  a  constant  E.  M.  P.,  and  what- 
ever changes  are  necessary  will  bo  taken  care  of  by  the 
regulator  on  the  other  machine. 


§19 


ELECTRIC    LIGHTING. 


35 


AliTERNATING-CURRKNT    AUC-LIGIIT    DYNAMOS. 

4:1,  Constant-Current  Alternators.  —  The  operation 
of  arc  lights  in  series  from  constant-current  alternators  is 
not  common,  although  large  numbers  are  operated  in  par- 
allel from  constant-potential  machines.  There  is  no  par- 
ticular reason  why  a  constant-current  alternator  cannot  be 
built,  and,  in  fact,  such  alternators  have  been  built  and 
used  to  a  limited  extent.  They  have,  however,  the  same 
disadvantage  as  direct-current  constant-current  machines; 
i.  e.,  in  order   to   operate  a  large   number    of   lamps  they 
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must  generate  a  high  pressure,  and  it  is  not  possible 
to  build  machines  of  large  output  because  of  the  diffi- 
culty of  insulating  them  properly.  In  the  few  cases 
where  lamps  have  been  operated  from  constant-current 
alternators,  each  lamp  was  usually  supplied  through  a 
transformer  connected  in  series  with  the  line,  as  indi- 
cated in  Fig.  19.  These  transformers  were  usually  wound 
for  a  ratio  of  transformation  of  about  1  to  1  or  2  to  1 ; 
i.  e.,  to  get  a  pressure  of  50  volts  across  the  lamps, 
the  pressure  across  each  primary  would  be  60  or  25  volts 
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]      isure  generated   by   the  alternator  would   be, 

liii.     y,   equal   to   the   pressure   across  each    Irans- 

plied  by  the  number  of  transformers  connected 

nic      id  of  operating  alternating;  arc  tamps  was  origi- 
01       t  out  before  the  enclosed-arc  lamp  came  into 
\,       never  adopted  to  any  great  extent,  more  on 
'     le  unsatisfactory  operation  of  the  alternating- 
t       l-arc    lamp    than     anything    else.       Now    that 
1  :losed-E.  c  lamp  has  proved  a  suc- 

it   IS  4     te  ■  that  the  use  of  constant-current 

r     .tors  may  become  more  common.      The  Westinghouse 
tant-current  alternators  are  the  same  in  general  con- 
tion    as    their    constant-potential    machines,    but     arc 
■ui:  so  that    the    armature   will  exert  a   strong    reaction 
un  the   field.     The   armature   reaction   of   these   machines 
is  so  heavy  that  any  increase  in  current  decreases  the  field 
strength  to  such  an  extent  that  the  current  remains  con- 
stant.     They  do  not.  therefore,  require  any  outside  regu- 
lating device,  or,  in  other  words,  they  were  said  to  have 
Inherent  regulation. 

4iJ.  Although  it  is  quite  possible  to  operate  alternating- 
current  arc  lamps  in  series  from  constant-current  alterna- 
tors, as  described  above,  the  present  practice  is  to  generate 
the  current  by  constant-potential  alternators  and  then  to 
sup|>ly  it  to  the  series  circuits  either  directly,  by  means  of 
s]>ecial  constant-current  transformers,  or  through  a  regu- 
lator of  some  kind  that  will  vary  the  E.  M.  F.  applied  to 
the  circuit  as  the  load  varies.  The  advantage  of  this  plan 
is  that  it  allows  scries  arc  lamps  to  be  operated  from  the 
same  dynamo  used  to  operate  incandescent  lamps.  Alsi), 
one  large  alternator  operating  at  a  moderate  pressure  can 
be  made  to  operate  a  large  number  of  series  lamps  by  run- 
ning a  number  of  circuits  all  fed  in  parallel  from  the  same 
dynamo  and  each  circuit  provided  with  an  independent 
regulator  or  transformer  to  keep  the  current  in  that  cir- 
cuit constant. 
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OPERATION  OF  S£RI£S  ARC    LAMPS  FROM    CONSTANT- 
POTENTIAL  ALTERNATORS. 

43.  Operation  Directly  From  Machine. — Suppose  that 
we  have  an  alternator  A,  Fig.  20,  generating  current  at  a 
constant  pressure  of  2,000  volts.  If  we  use  enclosed-arc 
lamps,  each  lamp  will  take  about  80  volts  and  we  may  con- 
nect about  25  lamps  in  series  across  the  line,  as  indicated. 
This  is  similar  to  the  method  previously  described  for  opera- 
ting incandescent  street  lamps  in  series.  With  this  scheme 
of  connection  it  is  necessary  to  provide  each  lamp  with  a 
cut-out  of  some  kind  that  will  insert  a  resistance  or  reactance 


<>J 


/ 


->^ 


-^ 


Fig.  90. 


in  the  circuit  whenever  a  lamp  is  cut  out.  If  this  were 
not  done,  the  current  would  increase  whenever  a  lamp 
was  cut  out,  for  it  must  be  remembered  that  the  pressure 
applied  to  the  circuit  is  constant  no  matter  how  many  lamps 
may  be  in  operation.  Each  lamp  is,  therefore,  provided  with 
a  small  choke  coil  that  sets  up  a  counter  E.  M.  F.  and  keeps 
the  current  constant.  A  coil  of  this  kind  consumes  but 
little  eqergy,  but  it  introduces  a  certain  amount  of  self- 
induction  into  the  circuit  and  lowers  the  power  factor. 

44.  Use  of  Adj  ustable  Transformer. — The  operation  of 
lamps  direct  from  the  machine  is  only  possible  when  the 
number  of  lights  on  the  circuit  is  suited  to  the  voltage  of  the 
dynamo.  This  is  generally  not  the  case,  and  the  above 
arrangement  is,  therefore,  of  limited  application  and  has 
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been  used  in  comparatively  few  cases.  Instead  of  supplying 
the  lamps  directly  from  the  machine,  a  considerable  range 
of  applied  E.  M.  F.  may  be  obtained  by  using  a  constant- 
potential  transformer  with  its  secondary  coil  split  up  into  a 
number  of  sections.  The  lamps  are  each  provided  with  a 
reactance  coil,  as  before,  but  the  use  of  the  transformer 
admits  of  a  considerable  range  in  the  number  of  lamps  that 
may  be  operated  on  a  circuit;  that  is,  the  combined  voltage 
necessary  for  the  lamps  may  be  considerably  different  from 
that  generated  by  the  alternator. 

43.  Operation  Front  Constant- Cur  rent  Trausfortn- 
ers. — The  method  that  has  so  far  been  most  largely  used 
for  the  operation  of  series  alternating-current  lamps  from 


constant-potential  alternators  is  that  in  which  a  special  trans- 
former is  used  to  transform  from  constant  potential  to 
constant  current.      This  means  that  the   transformer  must 
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be  so  constructed  that  its  secondary  voltage  will  change 
automatically  as  the  number  of  lamps  is  changed.  Fig.  21 
illustrates  the  action  of  a  transformer  of  this  kind  invented 
by  Prof.  Elihu  Thomson  and  largely  used  in  connection  with 
series  alternating-current  lighting. 

46.  A  A  is  a.  laminated  iron  core  built  up  in  the  same 
way  as  a  core  for  an  ordinary  transformer.  P  P  is  the  pri- 
mary coil  wound  so  as  to  be  thin  and  flat  and  surrounding  the 
central  part  of  the  core,  as  shown  in  the  sectional  view. 
This  coil  is  fixed  in  position  and  is  attached  to  the  lines 
leading  to  the  alternator  that  maintains  a  constant  or  nearly 
constant  pressure  across  the  terminals  of  the  coil.  5  5  is 
the  secondary  coil,  which  is  also  thin  and  flat.  This  coil  is 
free  to  move  up  and  down.  It  is  suspended  from  quadrants 
on  the  end  of  a  lever  and  its  weight  is  partially  counter- 
balanced by  weights  hung  on  the  other  end.  The  terminals 
of  the  secondary  are  connected  to  the  arc  line  by  means  of 
flexible  cables  that  will  not  interfere  with  the  free  move- 
ment of  the  coil. 

47.  The  action  of  the  transformer  is  as  follows:  When 
the  arc  circuit  is  open  and  the  primary  is  connected  to  the 
alternator,  the  secondary  occupies  the  dotted  position  S'  S' 
resting  on  the  primary.  The  apparatus  will  then  act  like 
an  ordinary  transformer ;  an  alternating  magnetic  flux  will 
be  set  up  through  the  core,  as  indicated  by  the  curved 
dotted  lines,  and  a  high  E.  M.  F.  will  be  generated  in  S'  S', 
although  no  current  can  flow  in  it  because  the  secondary 
circuit  is  oj>en.  Let  us  now  take  the  other  extreme  case, 
where  the  secondary  is  short-circuited  by  closing  the  single- 
pole  switch  connected  across  the  arc  line.  As  soon  as 
the  switch  is  closed,  a  heavy  current  will  flow  in  the 
secondary  coil  and  this  current  will  be  in  the  opposite 
direction  to  that  flowing  in  the  ])rimary.  It  is  a  well-known 
fact  that  parallel  wires  carrying  currents  in  opposite  direc- 
tions repel  each  other,  and  the  result  in  this  case  is  that  the 
coil  is  repelled  so  that  it  moves  up  to  the  other  extreme 
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on  5  S,  shown  by  the  full  lines.     When  half  the  lamps 
are  burning,  the  repulsion  is  sufficient  to  keep  it  in  the 
position  S'  S'. 
ls  the  secondary  is  repelled  upwards,  the  E.  M.  P.  gen- 
erated in  it  decreases,  because  the  current  in  the  secondary 
tends  to  set  up  magnetism  around  the  core  in  a  direction 
o       isite  to  that  indicated  by  the  dotted  curved  lines.      The 
It  is  that  lines  of  force  pass  across  between  the  coils,  as 
;ated  by  the  full  curved  lines,  and  a  large  number  of 
18    that    thread    through    the   primary   coil   do    not    pass 
igh  the  secondary  at    all.      Moreover,   the  farther  the 
are  separated,  the  greater  does  this  leakage  become. 
result  is  that  when  the  secondary  reaches  the  top  posi- 
on  5  S,  very  little   flux  passes  through  it,  and  hence  its 
a.  M.  F.  becomes  very  small.      By  properly  adjusting  the 
counterbalancing   of  the  coils,  a  transformer  of  this   kind 
can  be  made  to  hold  the  current  in  the  secondary  constant 
within  remarkably  close  limits  through  a  wide  range  of  load. 

48.  Fig.  22  shows  one  of  the  larger  sizes  of  these  trans- 
formers with  the  case  removed.  Here  there  are  two  fixed 
primary  coils  P  P  and  /"  P'  and  two  movable  secondaries 
SSa.ndS'S'.  The  two  secondaries  are  counterbalanced 
against  each  other  by  means  of  the  levers,  sectors,  and 
chains  shown  in  the  figure,  so  that  when  the  load  is  light 
both  coils  occupy  a  position  near  the  center,  and  when  it  is 
heavy  they  both  move  towards  the  end  coils.  The  weight  if 
required  to  counterbalance  the  repulsion  effect  is  carried  by 
a  small  auxiliary  lever  /  that  projects  through  the  top 
of  the  case.  The  two  secondary  coils  may  be  connected 
in  series  to  feed  a  single  circuit,  or  they  may  be  connected 
to  two  circuits,  as  in  the  multicircuit  Brush  dynamo.  The 
whole  transformer  is  placed  in  a  corrugated  cast-iron  case 
filled  with  oil.  This  secures  good  insulation  and  makes  the 
movements  of  the  coils  smooth,  because  the  whole  moving 
system  acts  like  a  dashpot. 

49.  Constant-current  transformers  may  be  placed  either 
in  the  station  or  in  a  substation  at  a  convenient  point  near 
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where  the  lamps  are  to  be  supplied.  In  some  instances 
they  have  been  placed  in  substations  and  equipped  with 
automatic  time  switches  that  cut  them  out  in  the  morning 
as  soon  as  the  lights  are  no  longer  needed.  At  light  loads, 
a  system   of   this   kind   has  a   poor  power   factor;   but  if 


worked  at  nearly  full  load,  the  power  factor  is  about  .8,  or 
about  as  good  as  the  power  factor  of  a  load  of  induction 
motors.  The  low  power  factor  has  been  urged  as  an  objec- 
tion against  systems  of  this  kind,  ami  while  it  undoubtedly 
is  an  objection,  it  must  not  be  forgotten  that  the  doing 
away  with  arc-light  dynamos  and  running  all  the  lights, 
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both  arc  and  incandescent,  from  the  same  kind  of  alterna- 
tor is  an  advantage  that  goes  far  to  outweigh  the  disadvan- 
tages of  a  low  power  factor. 

50.     ReKulatlon  by  Means  of  Variable  Reactance. — 

Fig.  23  shows  another  style  of  regulator  for  the  operation 
of  series  alternating-current  arc  lamps  from  constant- 
potential  circuits.  It  consists  of  a  coil  C  mounted  on  the 
end  of  a  lever  and  counterbalanced  by  the  weight  IF. 
The  laminated  core  Dis  iti  shaped  and  the  coil  slides  over  the 
center  tongue.     When  all  the  lamps  are  in  operation,  the 


is  balanced  so  that  it  is  near  the  top  of  the  col 
If  lights  are  cut  out,  the  current  tends  to  increase  and  1 
coil  is  pulled  down.  This  increases  the  reactance  uf  the 
coil,  and  the  increased  counter  E.  M,  F.  generated  in  it 
keeps  the  current  down  to  its  proper  value.  The  regulator 
is  connected  directly  in  series  with  the  arc  circuit,  as  indi- 
cated  in   Fig.  -a.     At  A    the   regulator   is   shown   at   the 
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station,  the  terminals  of  the  arc  circuit  in  this  case  being 
brought  to  the  plant.  At  B  the  regulator  is  shown  located 
at  a  convenient  point  out  on  the  line.     The  terminals  of  the 
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circuit  are  not  carried  back  to  the  station.  By  adopting 
this  latter  arrangement,  a  saving  in  copper  can  sometimes 
be  effected. 

61.  From  what  has  been  said  with  regard  to  lamps, 
dynamos,  and  the  various  systems  of  operation,  it  will  be 
seen  that  there  is  a  wide  range  of  choice  in  the  selection  of 
apparatus.  The  examples  that  have  been  selected  have 
been  taken  because  they  are  the  ones  that  have,  on  the 
whole,  been  most  widely  used  and  serve  to  bring  out 
the  main  pr^ints  connected  with  the  principal  systems  of 
operation. 

The  intr'^xiuction  of  the  enclosed-arc  lamp  has  changed 
the  meth'^xis  of  arc  lic^htin^  considerably  within  recent 
years  and  has  been  respijnsible  for  the  riteadily  increasing 
use  of  altematinir  nirrent  for  this  purfxise.  The  alter- 
nating-current  ofjen-arc  lamp  stood  practically  no  chance 
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its  rival,  the  direct -current  open  arc,  but  the  case 
rerent  with  the  enclosed-arc  lamp.     It  is  pretty  gen- 
admitted,  however,  that  the  alternating-current  arc 
>  not  give   quite  as  satisfactory   all-around   service  as 
irect-current  arc;  but  the  difference,  at  least  so  far  as 
■  CPT  li     iting  is  concerned,  is  not  great  enough  to  prevent 
auction  of  the  alternating-current  arc  for  this  pur- 
In  many  cases,  their  use  results  in  a  much  simpler 
cheaper  station  equipment,  which  goes  a  lung  way  to 
.ipensate  for  slight  inferio        ;s  in  the  light -giving  qiiul- 
I  of  the  lamp.s. 


ARC-LIGHT   SWITCKBOARDS. 


GENEBAi  CONSIDERATIONS. 

53.    Arc-light   switchboards   bear  little   resemblance  to 
those  used  for  constant- potential  incandescent  lighting.    In 

most  stations  of  any  size,  there  arc  several  arc  machines  and 
several  circuits,  and  it  is  desirable  to  have  the  switchboard 
arranged  so  that  any  machine  may  be  connected  to  any  cir- 
cuit. It  is  also  necessary  to  arrange  things  so  that  a  circuit 
may  be  transferred  from  one  machine  to  another  while  in 
operation,  or,  if  necessary,  so  that  machines  or  circuits  may 
be  operated  in  series.  An  arrangement  of  switches  to 
accomplish  this  would  be  exceedingly  complicated,  and  arc- 
light  boards  are,  therefore,  of  the  plug  variety.  The  vari- 
ous connections  are  made  by  inserting  plugs  into  receptacles, 
the  circuit  being  completed  in  some  cases  by  flexible  cables 
and  in  others  by  the  plug  itself. 

53.     Opernttng  Circuits  In  Series. — Quite  frequently, 

when  the  number  of  lamps  in  one  circuit  is  insufficient  to  load 
up  a  dynamo,  two  or  more  circuits  are  connected  in  series,  at 
the  switchboard,  with  a  single  machine.  The  terminals  of 
the  circuits  should  be  marked  +  and  —  on  the  switchboard, 
the  +  side  being   that   at   which   the   current   leaves  the 
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station  and  the  —  side  that  at  which  it  returns.  In  con- 
necting circuits  in  series,  the  —  end  of  one  circuit  should  be 
connected  to  the  +  ^^^  of  the  other,  as  indicated  in  Fig.  25. 
If  two  —  ends  are  connected,  the  current  will  flow  through 
the  second  circuit  in  the  wrong  direction  and  the  lamps  will 
burn  **  upside  down." 

The   switchboard  is  usually  equipped  with  an  ammeter' 
that  will  indicate  when  the  current  is  flowing  in  the  proper 
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direction.  Some  of  these  ammeters,  for  example,  the  Wes- 
lon,  will  not  give  a  deflection  over  the  scale  unless  the  cur- 
rent flows  in  at  the  -f-  terminal.  Others  have  an  indica- 
ting attachment  that  shows  whether  the  current  is  flowing 
the  wrong  way  or  not.  It  goes  almost  without  saying  that 
series  arc  circuits  are  never  connected  in  parallel.  If  this 
were  done,  the  current  would  split  between  the  circuits  and 
the  lamps  would  not  operate  properly.  If  the  circuits  are 
supplied  with  alternating  current,  they  may  be  connected 
in  series  regardless  of  their  polarity,  as  both  carbons  burn 
nearly  alike  in  alternating-current  lamps. 


ELECTRIC   LIGHTING. 

rCTION  AXI»  OPBRATIOX  OF  ARC:  SWITCHBOAItDS. 

Simple   Board  "With  Cables.— Fig.  26   illustrates 

si  iplest  possible  type  of  board  equipped  with  an 
ster  anu  terminals  for  two  machines  and  four  circuits. 
B  terminals  take   the  form  of  sockets  or  spring  jacks 
lunted  on  the  board,  and  connections  are  made  between 
various  receptacles  by  means  of  heavily  insulated,  flex- 
cables  provided  with  plugs  at  each  end.     Each  terminal 
double,  and  those  for  the  dynamos  are  arranged  in  the 
'er  row  and  marked  +'"'.  — -''.  ■\-J\  —I\  each  dynamo 


being  distinguished  by  its  letter  A  or  B.  The  terminals 
of  the  four  line  circuits  are  arranged  in  two  rows  in  the 
upper  part  of  the  board  and  are  marked  -f--',  — ^i  +~,  — -, 
■\-3,  — 3,  •\-4,  — 4i  each  circuit  being  distinguished  by  its 
numlier  /,  3,  iS,  or  4.  The  ammeter  A  M  is  mounted  in 
the  center  of  the  board  and  is  provided  with  terminals 
+  and  — .  The  hoard  itself  is  usually  made  of  a  good 
quality  of  marble.  Slate  is  not  a  good  material  for  arc 
boards,  as  it  is  liable  to  contain  metallic  veins.     It  must  be 
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remembered  that  the  pressure  between  the  terminals  of  an 
arc  machine  at  full  load  is  very  high,  hence  the  switchboard 
terminals  must  be  well  insulated.  On  most  of  the  best 
boards  the  terminals  are  not  even  allowed  to  come  into 
contact  with  the  marble,  but  are  insulated  from  it  by  means 
of  hard-rubber  bushings,  the  marble  being  used  merely  as  a 
support  and  not  depended  on  for  insulation. 

66.  The  operation  of  plugging  in  circuits  or  dynamos  is 
a  thing  that  always  appears  confusing  to  the  student  when 
an  attempt  is  made  to  explain  the  method  on  paper.  It  is, 
however,  comparatively  easy  to  follow  out  on  the  board 
itself,  where  one  can  handle  the  cables  and  plugs  and  make 
the  required  connections  for  himself.  A  little  practice 
during  the  daytime,  when  the  circuits  are  not  in  use,  will 
soon  enable  one  to  become  so  familiar  with  the  method  of 
operation  that  all  necessary  changes  can  be  made  quickly 
and  with  certainty. 

In  making  changes  on  an  arc  board,  it  must  be  distinctly 
borne  in  mind  that  a  circuit  carrying  current  should  never 
be  broken  in  order  to  cut  in  or  out  line  circuits  containing 
lamps.  If  the  circuit  is  opened,  the  effect  is  to  suddenly 
increase  the  resistance  of  the  circuit  by  a  large  amount,  and 
the  voltage  will  rise  greatly.  Besides  causing  a  long,  vicious 
arc  at  the  switchboard  and  perhaps  injuring  the  attendant,  it 
is  very  hard  on  the  insulation  of  the  dynamo  and  may  be 
the  means  of  puncturing  the  insulation  on  an  armature  or 
field  coil.  If  a  dynamo  or  circuit  is  to  be  cut  out,  it  should 
first  be  short-circuited.  Arc  machines  are  not  injured  by 
^ort-circuiting  as  constant-potential  machines  would  be, 
because  as  soon  as  they  are  short-circuited  the  voltage 
generated  drops  to  a  very  small  amount.  In  Fig.  20,  each 
terminal  is  made  double,  so  that  transfers  may  be  made 
without  opening  the  circuit. 

In  Fig.  26,  circuit  1  is  ''dead,"  because  its  terminals  arc 
not  connected  to  anything.     Circuit  2  is  on  dynamo  A,  the 

path  of  the  current  being  -\-A  -  -\^2 2 A.     Circuits  3 

and  ^  are  in  series  with  each  other  on  dynamo  B,  and  the 
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ammeter  is  also  in  series  in  this  circuit.     The  path  of  t 
current    is   -^B,    through    the    ammeter   to    +■* — '«*- 


m*.  Suppose  that  it  is  desired  to  connect  the  ammebl 
in  circuit  if.  To  disconnect  it  from  circuits  3  and  -J, 
first  short-circuited  liy  plugging  in  a  cable  acros.^  ilic  le 
nals  -^H  ami  +5.  The  two  plugs  on  the  cables  Icadin; 
the  ammeter  may  then  be  withdrawn  from  -|-5  and  - 
and  the  circuit  will  not  be  opened.  The  plugs  rerobvi 
from  -\-B  and  -\-3  may  then  be  inserted  at  ~^A  and 
respectively,  thus  shunting  the  ammeter  across  the  cald 
+/I  +:?.  The  cable  -f  >1  -\-2  is  then  removed  and  the  ctf 
rent  supplied  to  circuit  3  passes  through  the  ammeter. 

57.    Again,  with  the  connections  as  shown  in  Fig. 
suppose  that  it  is  desired  to  connect  circuit  1  in  series  \ 

circuit  2  without  shutting  down  either  the  dynamo  or  t 
cuit  if.  The  first  step  will  be  to  connect  terminal  —/with 
terminal  +?,  then  terminal  -\-A  with  terminal  +1.  The 
cable  directly  connecting  terminal  -\-A  and  -\--2  may  now  l>r 
removed  without  opening  the  circuit  at  any  point  and  at  the 
same  time  throwing  the  two  circuits  1  and  3  in  series, 

68.     Board  Wlthotit  Cables. — Where  a   large   number 
of  machines  and  circuits  are  operated,  the  number  of  cables 

hanging  around  the  front  of  the  board  Ijccomes  so  great  that 
they  are  in  the  way  when  transfers  are  being  made.  In 
order  to  overcome  this  objection,  boards  have  been  devised 
that  do  away  with  cables  almost  entirely.  Some  very  large 
boards  have  been  made  on  this  plan.  At  present,  the  use  of 
large  multicircuit  machines  has  resulted  in  a  reduction  of 
the  number  of  dynamos  needed  for  any  one  station,  and  there 
seems  to  be  a  tendency  to  go  back  to  the  style  of  Itoard 
using  cables.  The  simple  cable  board  is  no  doubt  cheaper 
than  the  other  type  and  if  properly  built  will  give  excellent 
service.  Moreover,  with  the  cable  type  of  board  the  attend- 
ant can  see  at  a  glance  just  what  connections  he  has  made. 
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59.  Fig.  37  illustrates  the  principle  of  one  type  of  board 
made  by  the  Genera!  Electric  Company,  in  which  cables  are 
almost  wholly  dispensed  with.  This  is  accomplished  by 
means  of  two  groups  of  contacts  arranged  in  two  parallel 
planes  a  little  distance  apart.  The  contacts  in  the  front 
group  are  divided  into  pairs  of  horizontal  rows,  each  pair 
being  connected  to  the  terminals  of  one  of  the  dynamos. 
The  contacts  on  the  back  group  are  divided  into  pairs  of 


■vertical  rows,  each  pair  being  connected  to  one  of  the  cir- 
cuits. The  contacts,  which  are  in  the  form  of  split  bush- 
ings, are'  directly  opposite  each  other  and  the  connection 
between  any  dynamo  and  any  circuit  is  made  by  a  long 
brass  plug  that  is  pushed  through  the  outside  contact 
to  the  inside.  The  arrangement  will  be  clear  by  referring 
to  Fig.  27,  The  dynamo  terminals  are  lettered  .4+,  ,-/  — , 
etc.  and  the  circuit  terminals  J-(-,  J—,  as  in  the  preceding 
case.  The  back  or  circuit  board  is  provided  with  an  extra 
row  of  contacts  at  the  bottom,  by  means  of  which  circuits 
may  be  connected  in  series,  using  for  the  purpose  cables  hav- 
ing suitable  terminals,  similar  to  those  used  for  connections 
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in  the  form  of  board  first  described.     In  Fig.  37,  the  path 

of  the  current  is  as  follows:     A-{--2+-3 _/-^-j--5-vi  — . 

Circuits  2  and  3  are  in  series  on  dynamo  A.  Also,  we  have 
circuit  4on  B  because  Z?-f-  and  B—  are  plugged  through  to 
4+  and  4—-  Circuit  1  is  dead.  By  using  a  cable  with 
short  plugs  that  only  reach  through  the  front  bushing.s, 
dynamos  may  be  connected  in  series,  if  necessary. 

(iO.  In  Fig.  37  the  sets  of  bushings  are  shown  separated 
much  farther  than  they  are  on  the  actual  board,  in  order  to 
make  the  figure  clear.  On  the  actual  board  the  back  con- 
tacts are  carried  on  vertical  copper  straps  that  are  attached 
to  the   front  board.      Fig.  28  shows  the  general  appearance 


of  one  of  these  boards  and  indicates  the  location  of  the  posi- 
tive and  negative  terminals  of  the  dynamos  and  circuits. 
Fig.  a9  gives  an  idea  as  to  the  method  of  mounting  the 
bushings  and  is  self-explanatory.  Bushings  /'  are  the  ones 
used  for  connecting  circuits  in   series.      The    board    shown 
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in  Fig.  28  has  no  ammeter ;  on  some  of  the  larger  boards 
it  is  customary  to  connect  an  ammeter  f)ermanently  in  each 
circuit.  In  such  cases  they  are  usually  mounted  on  a  sep- 
arate marble  slab  placed  above  the  one  carr}'ing  the  con- 
tacts. The  board  shown  in  Fig.  28 
is  designed  for  six  dynamos  and  six 
circuits. 

61.  Panel  Type  Board.  —  This 
board  is  somewhat  similar  to  the  one 
last  described.  It  is,  however,  de- 
signed so  that  it  may  be  built  up  in 
panels  in  a  manner  similar  to  that 
described  for  incandescent-lighting 
boards,  so  that  as  more  dynamos  and 
circuits  are  needed  the  board  may 
be  extended  by  adding  more  panels. 
The  general  arrangement  of  the 
board  will  be  understood  by  refer- 
ring to  Fig.  30  (a),  (*),  and  (c). 
Referring  to  Fig.  30  (c),  the  lower 
terminals  d,  c,  d^  e,  y,  g  are  con- 
nected to  the  machines  A^  B^  and  C. 
The  terminals  at  the  top  connect  to  the  circuits  1\  2\  and  S\ 
The  crosspieces  S^  4,  5,  7,  <^,  and  ^  run  across  the  back  of 
the  board  and  may  be  connected  to  similar  crosspieces  on 
the  next  panel  by  means  of  the  connection  strips  S\  4\  o\ 
etc.  and  plugs  inserted  in  the  side  sockets  ;//,  ;//.  An 
ammeter  jack  is  connected  in  one  side  of  each  of  the 
machines  at  the  points  b,  d,  and  /",  Fig.  30  (a).  An 
ammeter  cable  that  consists  of  two  wires  connected  to  a 
double  contact  plug  on  each  end  is  provided.  One  plug  is 
inserted  into  the  ammeter  jack  at  b,  d^  or /"and  the  other 
end  into  jack  /',  thus  connecting  the  ammeter  in  series 
with  any  one  of  the  three  dynamos. 

Inserting  the  ammeter  plug  in  the  jack  at  b,  for  example, 
simply  cuts  the  ammeter  into  circuit.  When  the  ping  is 
withdrawn,  the  jack   closes  the  circuit   before  the  plug  is 


Fig.  39. 
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fully  drawn  out.  so  that  the  circuit  is  not  interrupted.  The 
tubular  supports  k,  shown  in  Fig.  30  (c),  are  of  insulating 
material,  and  the  plugs  pass  through  them  to  make  contact 
with  the  vertical  strips.  It  will  be  noticed  that  there  are 
three  breaks  in  each  vertical  strip  between  a  dynamo  termi- 
nal and  a  correspond  ing  circuit  terminal.  These  breaks  arc 
at  /,  t,  I'.  When,  therefore,  these  breaks  are  plugged  across, 
as  indicated  by  the  three   rows  of   plugs   in   Fig.   30  (a), 


dynamo  A 

ilynamo  C,  circuit  3".  This  will  be  apparent  by  referring  v 
Fig.  31.  The  vertical  lines  here  represent  the  vertical  bars, 
in  which  the  breaks  are  indicated  by  open  spaces.  The 
black  circles  represent  the  plugs,  and  are  supposed  to  con- 
nect the  two  terminals  between  which  they  are  inserted. 
Fig.  30  represents  the  ordinary  condition  of  running,  and 
it  will  be  noticed  that  the  cross-bars  are  not  in  use. 

62.     Suppose  that  it  is  desired  tn  shut  down  machine  B 
and  run  circuits  /  and  ^  in  series  on  machine  A.     Insert 
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,  plugs  at  r„  (/„  ("„  and  rf,  and  remove  plugs  ^,  and  </,.  This 
leaves  two  circuits  and  two  machines  in  series.  Short- 
circuit  machine  2  by  inserting  a  plug  at  c,.  Then  cut  out 
machine  H  by  removing  plugs  (/,,  and  f„.  Then  take  out 
plug  '/,,  and  the  board  will  be  as  indicated  in  Fig.  3i.  The 
path  of  the  current  will  now  be  /I-j-  ~^„-i,-6,-l'+  through 

circuit  I'-i' f,-*',-'',-^,-i^-f-  through  circuit  S'-2' <■,-"<■,- 

f,-c,-c„---I  —  and  circuits/  and  a;' are  in  series  on  dynamo  jJ. 


Although  the  combinations  on  these  boards  are  not  so  easy 
to  follow  out  from  a  diagram,  the  manipulation  of  even  a 
large  board  is  something  that  is  swm  learned  when  one  has 
the  board  actually  before  him.  The  two  things  that  are 
most  important  to  bear  in  mind  are  always  short-circuit  a 
dynamo  or  circuit  before  cutting  it  out,  and  never  open  a 
circuit  when  the  current  is  on. 

63.     Brush  Plu|jt  and  Hprluij;  Jack. — As  stated  above, 

in  some  of  the  boards  used  with  large  multicircuit  machines, 
the  ordinary  cable  method  of  connection  is  used.  Another 
feature  of  modern  arc  boards  is  that  no  live  metal  parts  are 
allowed   un    the  surface   where  they  might  happen    to    be 
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touched   by  the  attendant.     These   precautions  are 
cially  necessary  for   boards   that   are  used  with  large  i 
machines,  some  of  which  generate  10,(11)0  or  H.OOO  volts. 
Fig.  33  ilhistrates  the  style  of   plug  used  on  Brush  i 
boards.     It  will  be  noticed  that  pains  are  taken  to  secuJ 
high  insulation.     A  Is   the   marble   panel  and  6  the  mctl 
plug,  or   contact,  attached  to  the  cable  as  shown,     C  is-^ 
cup-shaped  casting  to  which  the  line  is  connected  and  i 
which  ^  slides  and  is  held,  so  as  to  make  a  good  contact  1 
the  spring  clip  s      C  screws  on  to  the  end  of  the  hard-r 
bushing  D  and  is  separated  from  the.  marble  by  the  Jnsul 
ting  washer  E      7^  is,  a  hard-rubber  sleeve,  or  tube,  and  \ 


a  maple  handle;  h  is  a  spiral  spring  that  causes  the  sleeve?| 
to  slide  over  the  contact  piece  b  when  the  plug  is  puln 
out,  so  that  by  the  time  the  plug  is  jjulled  entirely  o 
the  board,  the  contact  b  is  completely  covered  and  there  | 
no  danger  of  the  attendant  coming  into  contact  with  j 
When  a  plug  is  inserted,  the  nose  of  the  sleeve/^ com 
against  casting  C,  and  as  the  plug  is  pushed  on  in,  contact 
passes  through  the  hole  in  C  and  is  held  by  the  spring- 
These  jacks  are  usually  mounted  in  pairs  connected  tygeth 
so  that  transfers  may  be  made  without  opening  the  circa] 

64.  Westeru  Electric  PUib  imil  Jack. — Pig.  Z^  shoi 
an  improved  form  of  jack  and  plug  that  is  used  by  \ 
Western  Electric  Company.  It  consists  of  a  main  jack] 
and  two  smaller  jacks  B,  B,  which  are  used  in  making  tra 
fers.  The  springs  a,  h,  b  hold  the  plugs  in  place  by  en^gi 
the  groove  on  the  end  of  the  plug.  This  plug  also  bd 
hard-rubber  sleeve  c  that  slides  over  the  metallic  tertDin 
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ar.  soon  as  the  plug  is  pulled  out.     The  general  arrang;e me nt 

of   the   plug   and   Jack   will   be   apparent   without   further 
explanation. 


SB,  Ammeters. — An  arc  board  requires  comparatively 
little  auxiliary  apparatus.  A  single  ammeter  is  alioutal!  that 
some  boards  are  provided  with,  but  others,  equipped  on  a 
more  elaborate  scale,  are  provided  with  an  ammeter  fur  each 
machine.  This  ammeter  is  in  genera!  the  same  as  those 
used  for  ordinary  work  except  that  its  scale  reads  only  to  10 
or  15  amperes,  the  current  for  series  lamps  usually  being 
from  fl  to  10  amperes.  The  ammeter  is  always  connected 
n  circuit  in  the  same  manner  as  an  arc  lamp.  Sometimes 
t  is  left  in  circuit  all  the  time,  but  more  often  it  is  only  cut 
,n  occasionally  to  find  out  if  the  current  is  right. 

66.  Voltmeter. — It  is  now  common  practice  to  equip  arc 
boards  with  a  high-reading  voltmeter.  This  may  be  mounted 
in  any  convenient  position  and  should  be  provided  with 
flexible  cables  having  well  insulated  terminals,  so  that  the 
voltmeter  may  be  connected  across  any  circuit  or  dynamo. 
The  voltmeter  should  have  a  range  at  least  as  high  as  the 
J.     Ill.—2i 
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highest  pressure  ever  applied  to  any  one  circuit.  The  volt- 
ineler  enables  the  switchboard  attendant  to  find  out  easily 
the  number  of  lights  in  operation  on  any  circuit,  l>ecause  he 
knows  about  the  average  number  of  volts  required  per  lamp, 
and  if  the  voltmeter  is  connected  across  the  circuit,  the 
reading  obtained  divided  by  the  number  of  volts  per  lamp 
will  show  the  number  of  lights  in  operation.  A  voltmeter 
to  read  as  high  as  required  for  this  work  must  have  a  very 
large  resistance  in  series  with  it,  and  this  makes  the  instru- 
ment rather  expensive,  but  the  expense  is  usually  compen- 
sated for  by  the  advantages  gained  by  using  the  instrument. 
The  voltmeter  is  also  useful  in  detecting  grounds  on  the  line. 

67.     Wattmeters. — In  the  best  stations  it  is  customary 

to  measure  the  electrical  output  of  each  machine  so  that  the 
total  electrical  output  of  the  plant  may  be  determined  and 
the  cost  of  production  per  kilowatt-hour  estimated.  Some- 
times the  wattmeters  are  mounted  by  themselves  near  the 
machine;  in  other  cases  they  are  mounted  on  the  switch- 
board. Any  good  type  of  recording  instrument  may  be 
used,  but  the  one  that  has  found  widest  application  in  this 
direction  is  the  Thomson  recording  wattmeter.  The  resist- 
ance in  series  with  the  armature  of  the  meter  must  be  very 
high,  because  the  voHajrenf  the  machine  is  high  at  full  load. 
For  this  reason,  it  is  uHually  mounted  in  a  box  separate  from 
the  wattmeter,  instead  of  being  mounted  in  the  wattmeter 
itself,  as  is  done  with  those  instruments  intended  for  use  on 
lov.--potcntia!  circuits  only. 

08,  TjIglitnlnFf  Arresters.  ^  These  should  always  be 
placed  on  arc  circuits,  as  already  described.  Sometimes  they 
are  arranged  on  the  switchboard  or  at  the  back  of  it,  but 
more  frequently  they  are  set  up  at  .some  convenient  point 
near  where  the  wires  enter  the  station.  No  fuses  or  circuit- 
breakers  are  necessary  on  arc  boards  because  the  current  is 
constant  even  if  the  lines  or  dynamos  are  short-circuited. 

69.  Transfer  Boards. — It  is  highly  important  that  all 
arc  line  wires  brought  jnto  the  station  should  be  run  as 
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straight  and  free  from  crossings  as  possible.  A  number  of 
fires  have  resulted  from  the  numerous  crossings  and  the 
general  maze  of  wires  to  be  found  in  some  of  the  older 
stations,  especially  at  the  point  or  in  the  tower  where  the 
wires  enter  the  building.  These  crossings  were  generally 
made  in  order  to  bring  the  wires  to  the  switchboard  in  the 
correct  order  for  connecting  up.     In  the  best  stations,  it  is 
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now  usual  to  have,  in  addition  to  the  switchboard,  a  1 
fep  board,  the  object  of  which  is  to  enable  the  lines  run- 
ning to  the  switchboard  to  be  connected  to  any  of  the  lines 
running  out  <jf  the  station.  By  using  a  transfer  board,  the 
wires  coming  into  the  station  may  be  brought  in  in  any 
order  that  may  be  most  convenient,  and  they  may  be  run 
straight  to  the  board  without  crossings.  They  may  then  be 
sorted  out  and  connected  to  any  desired  circuit  terminals  on 
the  switchboard  by  using  the  transfer  board.  The  transfer 
board  is  also  very  useful  for  changing  the  terminals  of  a 
circuit  from  one  part  of  the  board  to  another,  as  it  enables 
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it  to  be   done   without   disturbing   the 
switchboard  terminals  themselves. 

The  general  arrangement  (if  the  transfer  board  will  be 
understood  by  referring  to  Fig.  35.  A  number  of  vertical 
wires  a  and  i>  are  stretched  on  a  substantial  framework. 
These  wires  are  usually  about  No.  4  or  G  B.  &  S.  and  are 
bare.  They  are  separated  from  5  to  6  inches  and  are 
directly  opposite  one  another,  although  in  Fig.  35  {a)  they 
have  been  shown  a  little  to  one  side  of  each  other  in  order 
not  to  confuse  the  connections.  Between  these  vertical 
wires  a  corresponding  number  of  horizontal  wires  c  are 
also  stretched.  One  set  of  vertical  wires  a  runs  directly  to 
the  circuit  terminals  on  the  switchboard  and  the  other  set  it 
connects  to  the  Ime  wires. 

The  horizontal  wires  are  used  for  connecting  across  from 
any  line  to  any  switchboard  lead.  For  example,  suppose 
J  and  1'  arc  the  terminals  of 
a  circuit  and  that  we  wish 
to  connect  them  to  switch- 
board leads  d,  p.  By  con- 
necting lo  the  cross-wire, 
as  shown  at  ^,  /,  line  1  is 
connected  to  c,  and  by  con- 
necting as  shown  at  m,  n 
line  1'  is  connected  to  /. 
By  this  arrangement,  there- 
fore, the  line  and  switch- 
board connections  may  be 
transferred  in  any  way  de- 
sired. The  actual  num- 
ber of  wires  "Used  in  any 
case  will,  of  course,  cor- 
respond to  the  number 
of  circuits  to  be  accom- 
modated. The  connections 
between  vertical  and  hori- 
zontal wires  are  usually 
made  by  means  of  a  clamp 


§  19  ELECTRIC   LIGHTING.  59 

connector,  somewhat  similar  to  that  shown  in  Fig.  36  (a). 
Different  methods  are  used  for  stretching  the  wires  on  the 
frame,  but  they  should  always  be  mounted  so  that  they 
will  be  thoroughly  insulated.  On  this  account  the  wire 
should  be  passed  through  porcelain  or  glass  insulators 
at  each  end,  as  indicated  in  Fig.  36  (d).  The  wires  are 
stretched  tightly  by  screwing  up  on  the  nut  n  and  the  line 
wire  attaches  to  terminal  /. 


INTERIOR    WIRING. 

(PART  1.) 


PRELIMINARY  CONSIDERATIONS. 

1.  In  the  work  of  every  artisan  there  are  certain  factors 
that  must  never  be  overlooked  and  certain  conditions  that 
must  always  be  fulfilled  before  the  final  object  of  the  work 
can  be  reached  or  even  approached. 

In  electric  wiring,  the  ultimate  object  is  the  conveying 
of  the  electricity  to  the  lamp,  bell,  motor,  or  other  device 
that  is  to  be  operated.  But  this  must  be  done  in  a  proper 
manner;  otherwise  danger,  unsatisfactory  operation,  and 
waste  are  sure  to  result. 

2.  There  are  four  things  that  should  be  considered  in 
every  electric  installation.  They  are  (a)  safety,  (d)  satis- 
factory operation,  (c)  convenience  and  neatness,  and  {d)  econ- 
omy. The  first  of  these  considerations  is  by  far  the  most 
important  in  all  ordinary  wiring.  Therefore,  the  electrical 
artisan  should  understand,  first  of  all,  what  are  the  sources 
of  danger  in  the  use  of  electric  currents  and  then  what 
precautions  are  necessary  and  what  conditions  must  be 
complied  with  to  avoid  these  dangers.  When  he  thor- 
oughly understands  these  things,  he  should  learn  how  to 
make  his  work  satisfactory  in  other  respects  and  profitable 
to  himself. 

The  same  causes  that,  under  certain  conditions,  make 
electricity  dangerous  to  life  also  make  it  a  source  of  fire 
hazard.     There  are  also  conditions  under  which  an  electric 
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current  may  cause  fire,  although  it  may  not  be  directly 
dangerous  to  life.  In  discussing  the  precautions  necessary 
to  avoid  any  chance  of  fire  from  an  electrical  cause,  tTie 
student  will  learn  how  to  avoid  danger  to  life  as  well,  so 
that  it  is  unnecessary  to  discuss  that  subject  by  itself. 


FIRES  CAUSKH    BV  ELECTRIC  WIRING. 

3,  The  so-called  "electrical  fires"  or  fires  that  art 
caused  by  the  presence  ef  electric  wires  or  apparatus  within 
a  building  can  be  divided  into  three  classes,  as  follows: 

{«)     Fires  caused  by  poor  work  or  improper  materials. 

(b)  Fires  caused  by  overloading  the  apparatus  or  wire 
with  a  higher  voltage  or  with  more  current  than  it  was 
designed  to  carry. 

[c)  Fires  caused  by  lightning  striking  the  outside  lines 
or  by  the  crossing  of  circuits  that  should  never  come  into 
contact  with  one  another. 

A  good  job  of  interior  wiring  overcomes  all  danger  doe 
to  the  first  two  of  these  sources  of  hazard  and  most  of  llie 
danger  due  to  the  third,  but  not  all,  for  accidents  some- 
times occur  outside  of  the  buildings,  against  the  results  of 
which  the  present  accepted  devices  for  the  protection  of 
inside  circuits  are  not  sufficient.  The  failure  of  a  lighting 
company  to  use  proper  lightning  arresters  and  transformers 
or  to  properly  insulate  the  outside  wires  may  cause  trouble 
within  a  building  where  the  wiring  is  properly  done. 


THE  XATIONAI,  ELECTRIC  AT,  CODE. 

4.  When  electric  lights  first  came  into  general  use,  the 
insurance  companies  discovered  that  there  were  many  fires 
of  electrical  origin,  the  wiring  done  on  the  first  installations 
being  of  very  inferior  workmanship.  The  various  associa- 
tions of  underwriters,  therefore,  formulated  rules  in  accord- 
ance with  which  they  required  that  all  wiring  be  done  or 
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they  would  not  insure  buildings  containing  it.  In  the 
course  of  time,  these  various  rules  of  local  associations 
were  reduced  to  a  uniform  code,  and  finally,  in  1898,  they 
became  known  as  the  National  Electrical  Code  and 
received  the  endorsement  of  practically  all  the  inspection 
bureaus  throughout  the  United  States,  besides  that  of  the 
following  organizations:  the  American  Institute  of  Archi- 
tects, the  American  Institute  of  Electrical  Engineers,  the 
American  Society  of  Mechanical  Engineers,  the  American 
Street  Railway  Association,  the  Factory  Mutual  Fire  Insur- 
ance Companies,  the  National  Association  of  Fire  Engineers, 
the  National  Board  of  Fire  Underwriters,  the  National  Elec- 
tric Light  Association,  the  Underwriters'  National  Electric 
Association. 

A  few  cities  have  rules  of  their  own  that  differ  slightly 
from  this  code,  but  the  differences  are  not  vital.  Any  per- 
son doing  work  in  any  city  where  there  is  municipal  legis- 
lation governing  his  work  should  investigate  the  laws  of  that 
particular  place  before  undertaking  to  lay  out  work  for 
himself.  Every  wireman  should  be  supplied  with  a  copy  of 
the  latest  edition  of  the  National  Electrical  Code  and  do  work 
in  compliance  with  those  rules,  whether  additional  laws  exist 
or  not.  Copies  of  the  code  and  of  all  other  information 
published  by  the  Underwriters  Association  for  the  sake  of 
reducing  the  fire  hazard  can  be  obtained  by  writing  to  the 
laboratories  of  the  National  Board  of  Fire  Underwriters  at 
Chicago  or  by  applying  at  the  nearest  Underwriters'  Inspec- 
tion Bureau.  The  rules  are  revised  by  conventions  as  often 
as  changes  in  the  electrical  art  make  such  revision  neces- 
sary. 

5.  In  addition  to  this  code  of  rules,  the  National  Board 
of  Underwriters  publishes  each  year  a  liist  of  Approved 
Flttlngrs  for  use  in  connection  with  the  code.  This  list 
contains  the  names  of  articles  that  have  been  found  entirely 
satisfactory,  together  with  the  names  of  the  manufacturers. 
It  does  not  contain  a  list  of  all  fittings  that  will  pass  inspec- 
tion, and  many  good  articles  are  not  listed  in  its  pages. 
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EXAMPLES   OF  ELEtTRICAI,  FIRES. 

6.  That  the  student  may  properly  understand  the  nature 
of  the  fire  hazard  due  to  the  presence  of  electric  circuits, 
before  studying  the  various  preventives,  the  following  typi- 
cal examples  of  electrical  fires  are  briefly  described.  These 
are  reports  of  actual  fires  and  burn-outs  taken  from  the 
Quarterly  Fire  Reports  of  the  National  Board  of  Fire 
Underwriters. 

1.  Loose  connection  on  series- incandescent  circuit  in 
show  window.  Arc  ignited  insulating  covering  of  wire  and 
fire  spread  to  surrounding  inflammable  material.  Four 
sprinkler  heads  opened  and  extinguished  the  fire.  Contents 
of  window  destroyed. 

3.  Socket-shell  burn-out  in  show  window  of  millinery 
store.  Short  circuit  caused  by  metallic  shell  of  socket  on 
window  fixture  establishing  connection  between  projecting 
strands  of  flexible  fixture  wire. 

3.  Paraffin-covered  wire  used  for  pendants  for  drop 
lights.  Wiring  installed  on  a  motor  circuit,  after  inspec- 
tion, by  occupant  of  l>iiil(lini;  who  wi^^hed  to  secure  light. 
Short  circuit  ignited  paraffin  covering  and  whole  place 
burned  up. 

i.  Short  circuit  or  ground  on  constant- potential  lighting 
circuit,  wiicre  mains  ran  unprotected  through  damp  wood- 
work in  a  brewery.  The  arc  formed  ignited  insulating  cov- 
ering of  the  wire  and  fire  communicated  to  woodwork  of 
frame  building. 

n.  Short  circuit  in  fle.\il)le  cord  in  show  window  burned 
out  the  window. 

fi.  Heating  effect  of  incandescent  lamp.  A  IC-candle- 
power  incandescent  lamp  on  a  5:i-vo!t  circuit  was  left  lying 
on  an  office  coat  in  a  newspaper  office.  About  4  hours  after 
the  lights  were  turned  on  the  coat  was  discovered  smoulder- 
inj;,  and  on  being  moved  burst  into  flame, 

7.  Revolving  wheel  of  incandescent  lamps  in  show  win- 
dow  covered   with   handkerchiefs    burned  out  the  window 
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either   by   sparking   at   the   commutator   or   from    heating 
effect  of  the  lamps. 

8.  Sparks  from  an  arc  lamp  dropped  on  a  table  under- 
neath that  was  covered  with  open  boxes  of  shirt  waists. 
The  table  and  contents  destroyed,  otherwise  no  considerable 
damage. 

9.  Flexible  lamp  cord  wound  around  a  gas  fixture  having 
a  soft  rubber  insulating  joint.  The  current  grounded 
through  the  joint  and  the  arc  ignited  the  escaping  gas. 

10.  Overheating  of  No.  14  B.  &  S.  wires  due  to  partial 
short  circuit,  caused  by  moisture,  through  porous  crockery 
knobs  on  which  wires  were  mounted.  The  fuses,  which 
were  too  large,  did  not  melt  for  some  time  and  the  burning 
insulation  of  the  wires  set  fire  to  combustible  material  near, 
causing  a  loss  of  $15,000. 

11.  A  fuse  block,  improperly  constructed  and  placed  in 
close  proximity  to  woodwork,  held  an  arc  after  a  short  cir- 
cuit long  enough  to  set  fire  to  the  woodwork. 

12.  Main  feed-wires  placed  in  an  elevator  shaft  were 
short-circuited  by  a  breakdown  of  their  insulation.  A  heavy 
arc  was  established  that  set  fire  to  building. 

13.  Overheating  of  resistance  coil  of  arc  lamp  that  was 
improperly  insulated  and  too  near  adjacent  woodwork  set 
fire  to  building. 

14.  Short  circuit  of  No.  14  wires  installed,  contrary  to 
rules,  in  molding  in  a  place  exposed  to  moisture.  The  fire 
was  stubborn  and  burned  fitfully  between  floors  and  was 
not  extinguished  before  a  loss  of  $2,000  had  been  sustained. 

15.  Fire  in  public  institution.  Building  wired  through- 
out with  weather-proof  wire  run  through  joists  without 
bushings,  both  wires  of  the  circuit  being  brought  through 
one  hole  at  lamp  outlet  without  separation.  Short  circuit 
occurred  in  attic  that  quickly  set  fire  to  dry  timbers. 

16.  An  Edison  plug  cut-out  was  improperly  used  to  pro- 
tect a  5-horsepower  motor  operating  at  a  difference  of 
potential  of  220  volts.  Fuse  in  blowing  failed  to  open  cir- 
cuit, thus  maintaining  an  arc  that  set  fire  to  building. 
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17.  Circuit  controlling  an  electric  flat  iron  was  left  turned 
on.  becoming  overheated  and  setting  fire  to  the  table.  Cir- 
cuit had  no  signal  lamp  or  other  indicating  device  recom- 
mended for  such  equipment. 

18.  Overheating  of  mechanism  in  a  3,000-candlepower 
series-arc  lamp,  the  metal  casing  of  which  did  not  fit.  set 
fire  to  the  ceiling.  The  store  was  closed,  but  the  lamp  had 
been  left  burning  until  the  circuit  was  shut  off.  This  fire 
illustrates  the  advisability  of  cutting  all  current  out  of 
buildings  when  the  same  are  unoccupied. 

IW.  A  fire  occurred  in  show  window,  caused  by  a  bath 
towel  falling  from  support  on  to  a  lighted  incandescent 
lamp  in  bottom  of  window;  the  towel  becoming  ignited  set 
fire  to  the  contents  of  window  and  damaged  some  of  the 
stock  in  store. 

20,  Lightning  entered  building  over  badly  installed 
watchman  circuit.  No  protective  devices  at  entrance  to 
building.  Wires  badly  insulated,  fastened  by  staples. 
Heat  of  wires  set  fire  to  joists  of  building. 

31.  Ground  of  llO-volt  circuit  on  gas  pipe  in  attic.  Arc 
burned  J^-inch  hole  in  pipe  and  set  fire  to  escaping  gas. 

32.  Fire  in  basement  of  building  caused  by  accumulation 
of  sodium  salt  on  back  of  three-wire  molding  run  on  brick 
wall.  Trouble  occurred  at  a  point  where  a  nail  had  been 
driven  through  molding  into  wall. 

23.  Short  circuit  in  fixture  canopy  ignited  ceiling  above 
fixture.  Fire  also  occurred  at  same  moment  in  cabinet  at 
center  of  distribution.  It  was  found  on  inspection  that  the 
branch  cut-out  contained  copper  wire. 

34.  An  ignorant  workman  installed  a  lighting  circuit  in 
lead-covered  cable,  fastening  same  to  iron  ceiling  with 
staples.  Breakdown  of  insulation  of  cable  set  fire  to  ceiling, 
when  it  was  found  that  no  main  switch  had  been  installed 
and  current  could  not,  therefore,  be  cut  off. 

as.  Switch  on  electric-light  circuit  was  mounted  in  dry- 
goods   store   at  a  point   where  draperies  came   in  contact 
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with  it.     Flash  from  same  ignited  draperies  and  fire  spread 
rapidly  to  millinery  and  other  inflammable  material. 

26.  Breakdown  of  insulation  on  wires  of  lighting  circuit 
in  a  fine  residence  set  fire  to  woodwork  inside  partitions. 
Fire  occurred  at  night,  and  owing  to  delay  in  sending  in 
alarm  and  the  distance  from  fire-department  headquarters, 
fire  was  not  extinguished  until  a  heavy  loss  had  been  sus- 
tained. 

27.  Electric-light  wire  sagged  and  made  contact  with 
telephone  wire  running  to  cable  box.  Box  and  cable  con- 
nections completely  destroyed. 

28.  Burglar-alarm,  electric-bell,  and  electric-light  wires 
came  together  inside  the  partitions  of  a  residence.  The 
insulation  on  the  wires  was  ignited  and  followed  up  the  par- 
titions. Owing  probably  to  lack  of  oxygen,  fire  did  not 
break  out  of  partitions,  but  spread  so  generally  over  the 
house  inside  that  much  damage  had  to  be  done  before  it 
could  be  extinguished. 

29.  Circuits  were  run  in  circular  loom  tubing  immediately 
over  a  steel  ceiling.  Where  the  tubing  came  through  the 
ceiling  for  a  loop,  the  sharp  edges  of  the  ceiling  cut  through 
the  same,  short-circuiting  the  wires.  Arc  ignited  the  insu- 
lation of  the  wires,  fire  following  same  up  under  the  ceiling. 

30.  Fire  in  livery  stable  due  to  blowing  of  fuse  in 
uncovered  cut-out  into  straw.  Fire  spread  so  rapidly  that 
it  was  impossible  for  the  department  to  control  it. 

31.  Fire  in  basement  of  hotel  caused  by  water  leaking 
and  running  down  the  blades  of  a  switch  on  500-volt  circuit. 

32.  Serious  burn-out  of  fire-alarm  system  by  cross  on 
500-volt  feed  wires  of  an  electric  railroad.  Nine  fire-alarm 
boxes,  a  tapper,  and  an  indicator  were  burned  out,  the 
repeater  also  being  partially  destroyed.  Fire  was  also 
started  in  the  residence  of  the  chief  of  the  fire  department, 
but  was  promptly  extinguished.  It  was  found  on  inspection 
that  the  instruments  were  protected  by  fuses  that  were 
much  too  short. 
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7.    Figs.  1  to  6  illustrate  some  characteristic  burn-oud 
they  have  been  drawn  from  photographs  o£  burn-outs  thi 

have  actually  occiirrccl. 


Fig.  1  shows  a  gas  pipe  that  was  melted  by  an  arc  causes" 
by  a  heavy   current-carrying  circuit  crossing  a  signal  cir- 
cuit that  was  connected  lothe  pipe.     The  connection  to  the 

pipe  was  poor  and  unsoldered. 


Fig.  2  shows  JDints  made  with  No.  10  wire  on  a  circU] 
designed   to  carry  200  amperes.     The  use  of  such  a  ] 

joint   gave    rise    to    heating  tin 
resulted  in  the  burning  out  of  tfl 

Fig.   3  shows  a  fixture  canod 
with   a    hole    melted    throug:h 
caused    by   a   fixture   cut-out 
side   the  canopy   becoming  shoi 
circuited. 

Fig.  i  shows  a  burn-out  catisl 
by  a  short  circuit  between  weatht 
proof  wires  used  in  molding.     Wj 
with  weather-proof  insulation  c 
should  never  be  used  in  moi 
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and  its  use  in  molding  is  prohibited  by  the  Underwriters. 
Figs.  3  and  4  are  from  photographs  by  Mr.  Wm.  T,  Benallack. 


^ 


=^i^ 


\s 


Figs,  5  and  6  show  bin 
cut*outs.  The  burn-out 
in  Fig.  5  was  due  to  de- 
fective design,  the  two 
sides  of  the  circuit  beiii- 
brought  so  close  togethc: 
thai  when  a  fuse  nieltc<i 
the  arc  held  over  and  de- 
stroyed the  rut-out. 

In  Fig.  0,  the  otiL-mit 
was  placed  horizontally. 
When  the  fuse  melted,  the  metal 


used  by  short  circuits  in 


and  established 


connection    between    the    ]im•^,    ilin--    resultinfi    in    a    short 
circuit. 
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EI-ECrniC  LAMPS. 

ISCANIJK,SC:KNT   I.,\JMP9. 

8.  Before  taking  up  the  subject  of  wiring  for  electric 
lights,  it  will  be  well  to  look  briefly  at  some  of  the  charac- 
teristics of  the  lamps  to  which  the  wiring  is  to  supply  cur- 
rent, as  the  requirements  of  the  lamps  have  a  considerable 
influence  on  the  character  of  the  wiring.  Incantiesccnt 
lanipu  are  the  ones  mostly  used  for  interior  illumination,  so 
we  will  briefly  consider  a  few  of  their  characteristics.  The 
selection  of  good  lamps  of  proper  voltage,  catidlepower,  and 
efficiency  to  suit  the  work  for  which  they  are  to  be  used  is  a 
matter  of  great  importance. 

The  light-giving  part  or  flluiuent  of  an  incandescent  lamp 
is  of  carbon,  being  generally  made  of  carbonized  cellulose 
thread.  Its  manufacture  has  been  the  subject  of  much 
research  by  the  large  manufacturing  companies,  which  keep 
the  details  as  secret  as  possible.  A  good  lamp  filament 
must  be  uniform  in  cross -sect  ion,  density,  and  resistance 
per  unit  of  length.  It  must  also  be  manufactured  with 
special  reference  to  the  voltage  and  current  with  which  it  is 
to  be  used. 

9.  The  filament  is  mounted  on  the  ends  of   Icadlnir-in 

wire's  of  platinum,  which  pass  through  a  glass  neck  or 
stupper.  The  outer  ends  of  these  platinum  wires  are  sol- 
dered lo  copper  wires  that  are  connected  to  the  proper  parts 
of  the  lamp  base  when  all  the  other  work  on  the  lamp  is 
finished.  The  shell  of  the  lamp  base  is  filled  with  plaster  of 
Paris,  which  holds  the  lamp  firmly  in  place. 

10.  The  connecting  of  the  filament  to  the  leading-in 
wires  is  usually  done  with  a  carbon  paste  and  is  an  impor- 
tant operation,  for  the  lamps  and  filaments  frequently  oreak 
at  this  point. 

11.  The  lamp  Klol>e  surrounds  the  filament  and  is  air- 
tight. All  the  air  within  it  is  exhausted  to  a  very  high 
degree.      The   exhaustion    is   important   in   all   lamps   and 
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must  be  done  with  extra  care  for  high-voltage  lamps,  or  the 
current  will  **arc"  across  the  ends  of  the  leading-in  wires 
and  destroy  the  lamp. 

12,  Even  the  highest  grades  of  incandescent  lamps  are 
not  very  long-lived.  They  may  burn  for  years  without  hav- 
ing the  filament  break,  but  they  will  not  burn  at  their  proper 
efficiency  or  candlepower.  The  light  is  produced  by  the 
carbon  being  heated  to  a  very  high  temperature.  No  known 
solid  substance  can  be  maintained  at  a  temperature  of  very 
brilliant  incandescence  without  undergoing  a  change  in  its 
physical  properties.  This  is  true  of  carbon,  as  of  all  other 
materials.  The  heat  alters  its  density,  resistance,  and  other 
properties.  The  higher  the  temperature,  the  more  rapid  is 
the  physical  change.  Some  of  the  properties  lost  by  heating 
to  high  temperatures  are  regained  upon  cooling,  but  others 
are  not.  Among  the  limitations  to  carbon  incandescent- 
lamp  filaments,  those  in  regard  to  size  are  very  important. 
Below  a  certain  minimum  diameter  and  above  a  certain 
maximum  carbon  filaments  are  not  practicable. 

13,  When  an  incandescent-lamp  filament  is  heated 
beyond  a  certain  limit,  it  rapidly  deteriorates,  giving  off 
gaseous  particles  that  condense  on  the  globe  and  blacken  it. 
If  the  heating  is  very  sudden,  the  filament  explodes  and 
may  break  the  glass. 

Carbon  being  highly  inflammable  when  very  hot,  the  air 
must  be  exhausted  from  the  lamps.  But  if  only  the  oxygen 
were  removed,  the  student  may  suggest,  the  lamps  would 
burn  satisfactorily.  It  is  true  that  in  that  case  the  fila- 
ments would  not  burn,  but  the  gas  within  the  lamp  would 
become  very  hot  and  expand  and  burst  the  globe ;  or  if  the 
globe  did  not  break,  it  would  become  as  hot  as  the  gas 
within  it.  Incandescent  lamps  with  the  air  only  partially 
exhausted  are  not  practical  devices,  though  many  have  tried 
to  make  such. 

14,  In  incandescent-lamp  practice,  it  has  been  found  by 
experience  that  the  best  results  are  obtained  when  lamps  arc 
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burned  at  a  certain  temperature  for  about  seven  hundred 

hours.     They  may  be  burned  at  a  lower  temperature  for  a 

?er  time,  but  give  less  light ;  or  at  a  higher  temperature 

L-^i  a  short  lime,  giving  more  light.     It  is  very  poor  economy 

to  burn  lamps  after  they  have  become  dim,  for  they  take 

about  as  much  current  as  new  lamps  and  give  very  little 

''"^'t  in  return.     What  is  wanted  is  the  most  light  for  the 

t  money,  taking  into  account  both  the  cost  of  current 

e  cost  of  renewing  lamps. 

The  effect  on  a  lamp  of  altering  the  voltage  only  a  slight 

nount  is  much  greater  than  is  commonly  supposed.     By  a 

ly  of  Table   I,  which  is  given   by  the  General  Electric 

TABIjE    I. 


ige. 
Per  Cent,  of 
Normal, 

Candlepower. 

Per  Cent, 
of  Normal. 

Watts  Per 
Candlepower. 

Life. 

Per  Cent, 
of  Normal. 

Deterioration. 

Per  Cent, 
of  Normal. 

90 

54- 

4.i;:i 

941 

11 

91 

5H 

4.41 

rn; 

14 

9-J 

112 

■i-n 

5.1 5 

IS 

93 

(1« 

4.04 

435 

33 

94 

70,5 

;j-89 

345 

29 

95 

75 

:i.74 

■J  7  5 

30 

90 

an 

I! .  M 

•i'iU 

4.5 

97 

85 

■AAi] 

179 

56 

98 

91) 

:!-.■!:! 

14H 

(i9 

99 

95 

3.-il 

131 

83 

100 

100 

3.10 

100 

100 

101 

106 

3.00 

83 

122 

102 

iia 

2.91 

08 

147 

103 

118 

3.8a 

179 

!«« 
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Company,  it  will  be  seen  that  at  the  prices  for  which  lamps 
sell  (about  18  to  25  cents  each  for  a  IG-candlepower  lamp)  it 
is  not  economical  to  burn  lamps  more  than  their  proper  life, 
and  it  is  of  the  utmost  importance  that  the  voltage  be  uni- 
form and  correct.  If  the  voltage  be  absolutely  steady, 
lamps  may  advantageously  be  burned  a  volt  above  their 
marked  voltage  and  used  a  correspondingly  shorter  time. 
But  the  advantage  is  doubtful  unless  the  greatest  care  is 
exercised  in  renewing  lamps.  The  table  shows  that,  for  the 
lamps  tested,  an  increase  of  3  per  cent,  in  voltage  increases 
the  light  18  per  cent.,  but  increases  the  deterioration 
79  per  cent.  On  the  other  hand,  with  a  voltage  10  per  cent. 
lower,  the  light  is  cut  about  in  half,  but  the  life  is  extended 
indefinitely.  It  is  to  the  manufacturer's  interest  to  mark 
lamps  at  the  most  suitable  voltage,  but  ptjor  lamps  are  often 
improperly  marked,  causing  a  waste  both  of  current  and 
lamps  when  they  are  connected  in  the  sockets.  Some  man- 
ufacturers do  this  false  marking  to  dispose  of  lamps  of  odd 
voltages  for  which  they  have  no  market.  "  Job  lots  "  are 
apt  to  be  of  this  kind,  as  are  all  lamps  not  marked  with  the 
manufacturer's  name, 

13.  Incandescent  lamps  are  made  of  different  efficiencies. 
The  most  efficient  ones  should  be  used  where  absolutely 
constant  potential  is  employed,  the  less  efficient  ones  where 
the  voltage  is  somewhat  unsteady.  Fifty-  to  135-volt  lamps 
are  made  to  consume  from  3.1  to  5  watts  per  candlepower, 
according  to  the  grade  and  the  size  of  the  lamp.  Good 
200-  to  2/iO-volt  lamps  consume  about  4  watts  per  candle- 
power.  Up  to  the  present  time  it  has  been  found  imprac- 
ticable to  make  high-voltage  lamps  more  efficient,  owing  to 
the  fineness  and  the  length  of  the  filament  aud  other  diffi- 
culties that  rapidly  increase  when  the  voltage  is  increased. 
Generally  speaking,  the  lower  the  voltage  the  easier  is  the 
manufacture  of  filaments. 

16,  Good  lamps,  when  the  glass  is  clean  and  when  they 
are  placed  so  that  the  light  can  freely  leave  them,  do  not 
get  very  warm;    but  if    something  be    placed   against  the 
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globe  so  that  the  heat  cannot  get  away,  the  lamp  soon 
becomes  very  hot— hot  enough  to  set  fire  to  dry  goods  in 
show  windows,  for  instance.  Also,  lamps  get  hot  if  they 
are  dirty,  or  if  they  have  not  been  properly  exhausted. 

17.  The  most  perfect  exhaustion  is  essential  in  high- 
voltage  lamps.  A  globe  exhausted  to  a  considerable  degree, 
but  not  enough,  will  show  a  blue  brush  discharge  between 
the  terminals  of  the  leading-in  wires.  While  the  insulating 
properties  of  air  at  atmospheric  pressure  or  of  a  vacuum 
are  very  good,  those  of  rarefied  air  are  poor.  In  a  220-volt 
lamp  not  properly  exhausted,  the  current  will  strike  across 
the  space  between  the  leading-in  wires,  make  a  short  cir- 
cuit, and  cause  the  lamp  to  explode.  If  lamps  get  hot, 
they  should  first  be  wiped  clean.  If  they  still  get  hot,  they 
should  be  removed  and  destroyed. 

18.  ,From  the  foregoing,  then,  it  will  be  seen  that  it  is 
very  important  to  so  plan  all  incandescent-lamp  wiring 
that  the  lamps  will  get  the  voltage  for  which  they  are 
designed.  If  the  voltage  is  too  high,  the  lamps  wilt  give  a 
good  light  while  they  last  but  they  will  soon  burn  out.  On 
the  other  hand,  if  the  lines  have  such  a  resistance  that  it 
takes  a  considerable  portion  of  the  pressure  supplied  to 
force  the  current  through  them,  the  voltage  at  the  lamps 
will  be  low  and  the  light  very  poor  and  unsatisfactory, 

19.  O|>cratlon.  of  Incandoscoiit  Lamps. — Incandescent 
lamps  are  operated  on  constant-potential  (pressure)  systems. 
By  this  is  meant  that  a  constant  electrical  pressure  or  volt- 
age is  maintained  between  the  supply  wires  by  the  generator 
at  the  station.  In  practice,  the  value  of  the  supply  voltage 
may  vary  a  little,  but  if  the  station  is  properly  operated,  it 
should  remain  practically  the  same  no  matter  how  many 
lamps  are  in  use.  The  lamps  have  a  high  resistance  (about 
220  ohms  for  an  ordinary  l(i-can<ilepower  110-volt  lamp 
when  burning)  and  are  connected  directly  across  the  lines. 
Incandescent  lamps  are,  therefore,  operated  in  parallel, 
as  will  be  illustrated  more   fully  later.      Each   lamp  has  a 
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tixed  resistance,  and  as  the  voltage  of  the  supply  is  fixed,  it 
follows  that  each  lamp  will  take  a  current  dependent  on  its 
own  resistance  independently  of  the  current  taken  by  the 
other  lamps.  For  example,  a  110-voIt  IB-candlepower  lamp 
■will  take  about  ^  ampere  of  current,  and  each  lamp  turned  on 
vfill  require  ^  ampere,  so  that  as  the  number  of  lights  in  use 
is  increased,  the  current  in  the  main-supply  wires  increases 
but  the  voltage  remains  practically  unchanged.  When 
lamps  are  operated  in  parallel,  it  is  evident  that  any  lamp 
may  be  turned  on  or  off  without  interfering  with  the  current 
supplied  to  the  other  lamps,  The  voltage  supplied  to  the 
lamps  is  usually  between  100  and  115  volts,  constituting 
what  is  called  a  lo%v-potentlal  sj-stein.  In  former  years, 
a  pressure  of  63  volts  was  commonly  used  on  alternating 
systems,  while  in  recent  work  lamps  for  2-^0  volts  are  being 
used  to  some  extent.  A  16*candlepower  lamp  requires  about 
55  watts,  and  on  a  1 10- volt  circuit  this  means  J  ampere. 
For  approximate  wiring  calculations  the  following  values 
(Table  II)  of  the  current  for  different  kinds  of  lamps  may 
be  used.  It  must  be  remembered  that  these  values  are 
not  rigidly  fixed,  because  lamps  are  made  for  a  number  of 
different  efficiencies  and  current  consumption. 

^^L  TABI.E    II. 

POWEB  COSStnMPTION   FOB  INCANDE8CKNT  LAMPS. 


^^ndlepower. 

Voltage. 

Current. 
Amperes. 

Wat  la. 

1      « 

Ill) 

.27 

30 

■    10 

110 

.32 

35 

■  l6 

110 

.50 

55 

P'' 

53 

1.00 

5-2 

^     Ifi 

220 

.30 

G6 

33 

110 

1.00 

110 

10 
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ARC   LAMPS. 

20.  AlV    Iani])s    are  now  iised  much   more  extensivdjfl 
for  interior  illumination  than  they  were  a  few  years  a 
This  is  due  to  improvements  in  the  lamps  that  make  thei 
much  better  suited  to  this  class  of  work.     Arc  lamps 
on  interior  work  are   usually   operated  in    multiple    ir 
same  way  as  incandescent  lamps.     For  many  years  open-ai 
Ianii»  (i.  e.,  those  with  the  arc  exposed  to  the  air)  i 
operated  on  110-volt  circuits  by  operating  two  of  them  i 
series  across  the  lines.     A  small  amount  of  resistance  was 
used  in  series  with  these  lamps  to  improve  the   regulation 
and  to  take  up  the  voltage  over  and  above  that  required  by 
the  two  arcs.     Forty  or  45  volts  were  consumed  at  the  arcs 
and  20  to  30  volts  in  the  resistance,  and  the  lamps  usually 
required  about  10  amperes.     But  since  1895,  eiiclosed-ai 
lamps  have  come  into  very  extensive  use,  displacing  th) 
old,    low-tension,    open-arc    lamps   almost   altogether    am 
taking  the  place  of  clusters  of  incandescent  lamps,  and  ; 
to  a  very  great  extent,  of  series-arc  lamps  used  in  interiol 
lighting. 

It  was  found  that  by  using  purer  carbons  than  had  be^ 
the  practice  formerly  and  by  enclosing  the  arc  in  a  smail 
globe,  so  that  free  air  could  not  reach  it  to  burn  the  carboni 
rapidly,  as  in  the  open  arc,  the  voltage  at  the  arc  coull 
be  increased  to  70,  SO,  or  90  volts  and  the  current  reduced  i 
4  or  5  amperes, 

21.  In  open  arcs,  the  light  is  produced  almost  entiret 
on  the  positive,  or  upper,  carbon  surface,  and  the  combustit^ 
of  the  carbon  vapor  produced  at  the  arc  is  essential  to  t 
operation  of  the  lamp.  In  enclosed  arcs,  a  large  amount  d 
light  is  produced  in  the  arc  itself,  which  is  from  ^  to}  irw 
long. 

Not  only  is  it  possible  to  produce  these  long,  high-volta^ 
arcs,  but  it  is  necessary  to  have  an  arc  of  at  least  70  volj 
if  it  is  well  enclosed.     Shorter  enclosed  arcs  decompose  tK? 
carbon  of  the  positive  pole  and  deposit  it  in  the  form  of  lamp- 
black on  the  negative  one,  thus  obscuring  the  light  altogether. 
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In  an  enclosed-arc  lamp  only  the  highest  grades  of  carbons 
can  be  used.  Cheap  carbons  cause  flickerings  and  very 
rapidly  discolor  the  glass  enclosing  globe,  but  the  lamps  burn 
from  100  to  150  hours  (according  to  the  current  used, 
about  150  hours  on  4  amperes),  thus  being  more  economical 
in  the  use  of  carbons  than  open  arcs  of  the  same  watt  capacity, 
which  burn  the  same  amount  of  carbon  in  8  or  10  hours. 
The  light  from  the  enclosed  arc  is  much  softer  and  steadier 
than  that  from  the  old  style  open  arc  and  has  come  to  be 
generally  considered  the  proper  light  for  general  interior 
lighting  in  large  establishments  and  public  buildings. 

23,  The  long  arc  gives  a  large  percentage  of  violet- 
colored  rays  that  are  not  pleasing  to  the  eye  and  which  add 
very  little  to  the  illumination.  The  inner  and  outer  globes 
of  these  lamps  should  have  a  slight  **  alabaster  "  coloring, 
which  destroys  the  disagreeable  rays.  But  it  must  be  a  very 
slight  coloring,  or  it  will  absorb  too  much  good  light  as  well. 
Opalescent  globes  should  not  be  used  with  arc  lamps.  They 
increase  rather  than  diminish  the  objectionable  qualities 
of  the  light  and  make  the  lamp  appear  to  be  burning  more 
unsteadily  than  is  actually  the  case. 

!33«  Satisfactory  enclosed-arc  lamps  are  produced  for 
alternating  currents.  The  earlier  alternating-current  arc 
lamps  were  very  objectionable  on  account  of  the  noise  pro- 
duced— a  continual,  penetrating  hum ;  but  lamps  of  later 
patterns  with  long  arcs  and  two  enclosing  globes  are  almost 
noiseless. 

J34,  In  wiring  for  low-potential  arc  lamps  on  continuous- 
current  circuits,  it  should  be  remembered  that  these  lamps 
require  a  resistance  in  scries  with  the  arc  in  order  to  regu- 
late properly.  The  drop  through  this  resistance  is  about 
30  volts  out  of  110.  Usually  it  is  adjustable  and  is  placed 
within  the  structure  of  the  lamp,  so  that  the  lamp  can  be 
made  to  burn  well  on  any  circuit  of  from  105  to  120  volts. 
Since  some  30  volts  must  be  lost  in  any  event,  there  is  no  need 
of  running  large-size  wires  from  the  mains  to  the  lamps  to 
avoid  the  drop,  as  the  resistance  in  these  wires  can  be  used 
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as  a  portion  of  the  required  resistance  and  the  lamp  adjusted 
accordingly.  The  drop  must  be  in  the  individual  lamp 
circuit,  not  in  the  mains,  where  it  would  have  no  regulating 
effect,  but  would  be  a  disadvantage. 

Enclosed-arc  lamps  are  made  to  burn  either  singly  or  two 
in  series  on  320-voIt  circuits.  Those  designed  to  burn  two 
in  series  must  be  procured  in  pairs  adjusted  to  burn  together, 
otherwise  they  work  poorly,  give  uneven  light,  "seesaw," 
one  lamp  taking  most  of  the  power  for  a  while,  and  then  the 
other,  or  refusing  to  work  at  all. 

When  burned  singly  on  220  volts,  the  lamp  works  sstis- 
factorily,  but  it  is  not  as  efficient  as  lamps  of  a  lower  volt- 
age. A  220-volt  enclosed-arc  lamp  consumes  about  130  volts 
at  the  arc  and  90  in  the  resistance.  It  requires  SJ  amperes, 
or  more,  and  gives  a  tittle  less  light  in  proportion  to  the 
power  it  takes  than  is  given  by  110-volt  lamps.  Single 
230-volt  lamps  are  a  convenience,  however,  in  places  where 
one  lamp  only  is  desired  and  other  current  cannot  be 
secured.  They  are  far  more  economical  as  light  producers 
than  340-voIt  incandescent  lamps.  A  110-voIl  lamp  usually 
takes  from  3  to  6  amperes;  5  amperes  is  a  fair  average, 

25.  Enclosed-arc  lamps  fur  alternalingcurrents  are  quite 
simple  to  operate  and  are  efficient.  While  the  arc  itself 
does  not  giveasmuch  light  as  an  su-volt  continuous-current 
arc  of  the  same  watts  input,  there  is  not  so  much  power 
lost  in  artificial  resistance  for  regulating  purposes. 


GENERAL    IIULES. 

26.  In  wiring  for  electric  lights  and  power,  there  are 
certain  rules  that  apply  equally  to  all  systems  and  voltages. 
These  rules  will  be  our  first  study.  In  what  follows,  rules 
taken  from  the  National  Electrical  Code  are  printed  as 
below  to  distinguish  them  from  the  cxplanalions  and  other 
matter.  In  most  localities  these  rules  have  the  force  of 
laws. 
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GENERAL  RULES— ALL  SYSTEMS  AND  VOLTAGES. 

Copper  for  insulated  conductors  must  never  x'ary 
in  diameter  so  as  to  be  more  than  y^Vv  ^"^^  ^^^^  than 
the  specified  size. 

Wires  and  cables  of  all  kinds  desig^ned  to  meet  the 
following^  specifications  must  be  plainly  tagged  or 
marked  as  follows: 

1.  The  maximum  voltage  at  which  the  wire  is 
designed  to  be  used. 

2.  The  words  "  National  Electrical  Code  Stand- 
ard. 


»• 


3.  Name  of  the  manufacturing  company  and,  if 
desired,  trade  name  of  the  wire. 

4.  Month  and  vear  when  manufactured. 


a.  Must  not  be  of  smaller  size  than  No.  14 
B.  &  S.,  except  in  fixtures  and  flexible  cords.  This 
is  because  wires  of  smaller  size  are  likely  to  break 
or  become  loose,  so  that  the  work  does  not  remain 
mechanically  secure,  and  because  a  small  wire  is 
much  more  likely  to  be  overloaded  by  connecting 
a  few  additional  lamps  to  it  than  is  a  larger  wire. 

6.  Tie-wires  must  have  an  insulation  equal  to 
that  of  the  conductors  they  confine. 

c.  Must  be  so  spliced  or  joined  as  to  be  both 
mechanicallv  and  electricallv  secure  without  solder; 
they  must  then  be  soldered  to  insure  preservation, 
and  the  joint  covered  with  an  insulation  equal  to 
that  on  the  conductors. 

Stranded  wires  must  be  soldered  before  being 
fastened  under  clamps  or  binding  screws,  and  when 
they  have  a  conductivity  greater  than  No.  10  B.  c^-  S. 
copper  wire,  they  must  be  soldered  into  lugs. 


All  joints  must  be  soldered,  even  if  made  with  some  form 

to  joints  and 
rules. 


of  patent  .splicinj^  device.     This  ruling  applies 
splices  in  all  classes  of  wiring  covered  by  these  ; 


37.  Whenever  possii)le  to  avoid  making  joints,  it  is  advi- 
able  to  do  so;  but  where  joints  are  necessary,  great  care 
nust  be  taken  to  do  the  soldering  well,   and  to  le* 
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'"■  acid   on  the  wire.     There   are   several  soldering 
Is  now  on  the  market  that  will  tin  the  wire  well 
to  make  a  good  joint  and  yet  leave  no  acid  on  it. 

ildei-liiK  Fluid.— 

1         olluwing  formula  for  soldering  fluid  is  sug- 

ted  solution  of  zinc  chloride D  [larts. 


t«.-FiKS.  7.  R.  a 
in  removing  the  ii 


>  joint,  great  care  must 
■-  wire  and  lessen  its 
section  and,  con- 
s', ntly.  its  carrying 
capacity.  Especial  care 
must  be  taken  in  hand- 
ling fixture  wires,  whici 
A  comparatively  small 


1  from  the  wires  where 
joints  or  connections 
arc  necessary,  and  in 
scraping  the  wire  to 
clean  it  before  making 
not   to  cut    into 


by  a  volatile  oil,  and   the 
moisture-proof  adhesive 


lid  easily  cut  or  broken. 

i])pcr  wire  will  make  it 
lialile  to  break  easily. 
In  recovering  the 
wire  with  insulating 
tape,  a  sufficient 
amount  of  tape  must 
he  usc<l  to  afford  am- 
ple protection.  Where 
rulilier-covcred  wires 
are  sjiUced  or  joined, 
two  kinds  of  tape  must 
be  used,  the  first  of 
pure  rubber  softened 
cloth  saturated  with  a 
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29.     Rules  Relating:  to  Wires  (Continued). — 

Wires— 

d.  Must  be  separated  from  contact  with  walls, 
floors,  timbers,  or  partitions  through  which  they 
may  pass  by  non-combustible,  non-absorptive  insu- 
lating tubes,  such  as  glass  or  porcelain. 

Bushings  must  be  long  enough  to  bush  the  entire  length 
of  the  hole  in  one  continuous  piece,  or  else  the  hole  must  first 
be  bushed  by  a  continuous  waterproof  tube,  which  may  be  a 
conductor,  such  as  iron  pipe;  the  tube  is  then  to  have  a  non- 
conducting bushing  pushed  in  at  each  end  so  as  to  keep  the 
wire  absolutely  out  of  contact  with  the  conducting  pipe. 

e.  Must  be  kept  free  from  contact  with  gas, 
water,  or  other  metallic  piping,  or  any  other  con- 
ductors or  conducting  material  that  they  may  cross, 
by  some  continuous  and  firmly  fixed  non-conductor, 
creating  a  separation  of  at  least  1  inch.  Deviations 
from  this  rule  may  sometimes  be  allowed  by  special 
permission. 

f.  Must  be  so  placed  in  wet  places  that  an  air 
sp>ace  will  be  left  between  conductors  and  pipes  in 
crossing,  and  the  former  must  be  run  in  such  a  way 
that  they  cannot  come  in  contact  with  the  pipe 
accidentally.  Wires  should  be  run  over,  rather 
than  under,  pipes  upon  which  moisture  is  likely  to 
gather  or  which,  by  leaking,  might  cause  trouble 
on  a  circuit. 

Undergrround  Conductors — 

a.  Must  be  protected,  when  brought  into  a  build- 
ing, against  moisture  and  mechanical  injury,  and 
all  combustible  material  must  be  kept  removed 
from  the  immediate  vicinity. 

b.  Must  not  be  so  arranged  as  to  shunt  the  cur- 
rent through  a  building  around  any  catch  box. 

This  refers  to  catch  boxes  in  the  street,  from  which  the 
wires  should  run  to  the  buildings,  and  not  from  street  to 
building,  building  to  building,  and  back  again  into  the 
street,  around  one  or  more  catch  boxes,  thus  shunting 
whatever  protective  devices  there  may  be  in  the  catch 
boxes. 
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CARRYING  CAPACITY  OF  INSULATEU 


Rubber-Cov- 

Weather-proof 

B.  &  S.  Gauge. 

ered  Wires. 

Wires. 

Circular  Mils. 

Amperes. 

Amperes. 

18 

3 

6 

1,634 

Ifi 

C 

8 

2,583 

14 

13 

1(! 

4.107 

13 

17 

33 

6,630 

10 

24 

33 

10,380 

8 

33 

46 

16.510 

(^ 

46 

05 

36,360 

s 

54 

77 

33,100 

4 

(ifi 

n 

41.740 

3 

7fl 

no 

53,630 

a 

80 

lai 

66,370 

1 

107 

156 

83,690 

0 

137 

186 

105,500 

00 

160 

330 

133,100 

(100 

177 

a(J2 

167,900 

0000 

310 

3ia 

211.800 

200 

300 

200,000 

2?0 

400 

300,000 

330 

500 

400,000 

390 

690 

600.000 

460 

(J«0 

600,000 

600 

760 

700,000 

560 

840 

HOO.OOO 

GOO 

U30 

fOO.OOO 

060 

1,000 

i, 0110,000 

(iHO 

1,080 

1,100,000 

730 

1,150 

1,300,000 

770 

1,320 

l,3IH),000 

810 

1.290 

1,400,000 

850 

1,360 

1,500,000 

stto 

1,430 

],f,(iO,()00 

aao 

1.4H0 

1,700,000 

070 

1,550 

1,S00,000 

1,010 

1,010 

l,ilOO,000 

1.050 

1,070 

3,000,000 
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30.  Carrying:  Capacities  of  Wires. — As  any  wire  car- 
rying an  electric  current  is  somewhat  heated,  it  is  necessary 
to  know  how  much  current  can  safely  be  carried  on  a  wire 
of  a  given  size.  The  foregoing  table  (Table  III)  supplies 
this  information. 


Table  of  Carryings  Capacity  of  Wires. — 

The  accompanying  table  (Table  III),  which  must 
'  be  followed  in  placing  interior  conductors,  shows  the 
allowable  carrying  capacity  of  wires  and  cables  of 
98  per  cent,  conductivity,  according  to  the  stand- 
ard adopted  by  the  American  Institute  of  Electrical 
Engineers. 

The  lower  limit  is  specified  for  rubber-covered  wires  to  pre- 
vent gradual  deterioration  of  the  high  insulation  by  the  heat 
of  the  wires,  but  not  from  fear  of  igniting  the  insulation. 
The  question  of  drop  is  not  taken  into  consideration  in  the 
above  table. 

The  carrying  capacity  of  Nos.  16  and  18  wire  is  given,  but 
no  smaller  than  No.  14  is  to  be  used,  except  as  allowed  for 
fixture  work  and  flexible  cord. 

31.  Wire  Gauges.— It  sometimes  happens  that  wires  of 
scant  size  are  sold  to  the  unwary.  A  workman  constantly 
using  wires  of  various 
sizes  soon  learns  to 
gauge  the  size  of  wires 
by  his  eye,  but  it  is 
better  to  use  a  wire 
gauge  frequently  to 
avoid  mistakes.  A  wire 
of  given  size  should 
just  enter  the  slot  in- 
tended for  that  size  in 
the  style  of  gauge 
shown  in  Fig.  10. 
Gauges  in  the  form 
of  a  vernier  caliper, 
measuring  the  diameter  fig.  lo. 

of  the  wire  in  mils,  are  usually  more  accurate.     A  mil  is 
another  name  for  a  thousandth  of  an  inch;  for  example,  a 
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wire  .  18  inch  in  diameter  has  a  diameter  of  180  mils.  When 
the  diameter  in  mils  is  known,  the  gauge  number  can  be 
found  by  referring  to  the  table  of  dimensions  of  wires  given 
in  Table  IV. 

We  are  now  ready  to  discuss  the  requirements  of  wiring  for 
particular  purposes,  beginning  with  low-potential  systems. 

TABT^E    IV. 


niMENSIONS  OF  BARK  C( 


.  itt  S.  GAUGE. 


Gauge 

Diameter. 

Area.      , 

Gauge 

Diameter. 

Am. 
Circular 

Number. 

Milg. 

Mils. 

0000 

i60.0 

211,600.0 

8 

128.5 

16,509.0 

000 

409.6 

167,805.0 

9 

114.4 

13,094.0 

00 

3(34.8 

133.079.4 

10 

101. !) 

10,381.0 

0 

:ia4.9 

105,53-1.5 

11 

90.7 

8,334.0 

1 

289.3 

83,694.3 

13 

80.8 

6,528.9 

2 

367.  (i 

06,373.0 

13 

72.0 

5,178.4 

B 

229.4 

53,(134.0 

14 

64.1 

4,106.8 

4 

204.  :j 

41,742.0 

15 

57.1 

3,256.7 

5 

181. :» 

33,102.0 

111 

50. 8 

2,582.9 

G 

lf!2.0 

26,250.5 

17 

45.3 

2,048.3 

7 

144.3 

20,816.0 

18 

40.3 

1,634.3 

AviHixG  FOR  IjOW-potential  nv.-;tkms. 

33.     Defliiltlon  of  Ixw-Potentlnl  System. — 
LOW-POTENTiAL  SYSTEMS. 

ar>0  Volts  or  I.ew«. — 

^hif  circuit  attached  to  any  iiiai/iinc  or  combi- 
nation of  machines  that  de%'clops  a  liifftrcnee  of 
potential  between  any  tivo  wires  of  o'<-cr  10  volts  and 
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less  than  550  volts  shalt  be  eonsidered  as  a  loiv- 
potential  circuit  and  as  coming  under  this  class, 
unless  an  approved  transforming  device  is  used  that 
cuts  the  difference  of  potential  doivn  to  10  volts  or 
less.  The  primary  circuit  not  to  exceed  a  potential 
of  3,500  volts. 

Before  pressure  Is  raised  above  300  volts  on 
any  previously  existing  system  of  wiring:,  the 
ivhole  must  be  strictly  brou|?ht  up  to  all  of 
the  requirements  of  the  rules  at  date. 

Until  recently,  low-potential  systems  were  limited  to 
300  volts  or  under,  but  the  limit  has  been  raised  to  550,  but 
550  volts  cannot  be  applied  to  old  systems  unless  the  above 
rule  is  complied  with.  Low-potential  systems  are  usually 
constant-potential  systems  also;  that  is,  the  potential  or  pres- 
sure between  the  terminals  of  the  machine  or  at  some  defi- 
nite points  on  the  line  is  almost  uniform.  Only  constant- 
potential  systems  will  be  considered  under  this  heading. 

A  few  general  rules  apply  to  the  various  kinds  of  work 
under  these  systems.     They  are  as  follows: 

33.     General  Rules. — 

Wires— 

a.  Must  be  so  arran^od  that  under  no  cir- 
cumstances shall  there  tx*  a  dlflTerence  of  iK>ten- 
tlal  of  over  300  volts  between  any  Imre  metal 
In  any  distributing?  switch,  cut-out  cabinet,  or 
equivalent  center  of  distribution. 

b.  Must  not  be  laid  in  plaster,  cement,  or  simi- 
lar finish  and  must  never  be  fastened  with  staples. 

c.  Must  not  be  fished  for  any  great  distance, 
and  only  in  places  where  the  insf>e<:tor  can  satisfy 
himself  that  the  rules  have  l>een  complied  with. 

d.  Twin  wires  must  never  l>e  used,  except  in 
conduits  or  where  flexible  conductors  are  necessary. 

e.  Must  be  protected  on  side  walls  from  mechan- 
ical injury.  When  crossing  fl^K>r  timbers  in  cellars 
or  in  rooms  where  they  might  be  exjxiscd  to  injury, 
wires  must  be  attached  by  their  insulating  supfK)rts 
to  the  under  side  of  a  w^Kxlen  strip  not  less  than 
t  inch  in  thickness  and  not  less  than  3  inches  in 
width. 
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Suitable  protection  on  side  walls  may  be  secured  by  a  sub- 
stantial boxing,  retaining  an  air  space  of  1  inch  around  the 
conductor,  closed  at  the  lop  (the  wires  passing  through 
bushed  holes),  and  extending  not  less  than  6  feet  from  the 
floor;  or  by  an  iron-armored  or  metal -sheathed  insulating 
conduit  sufficiently  strong  to  withstand  the  strain  it  will  be 
subjected  to,  and  with  the  ends  protected  by  the  lining  or  by 
special  insulating  bushings,  so  as  to  thoroughly  prevent  the 
possibility  o£  cutting  the  wire  insulation;  or  by  plain  metal 

Sipe,  lined  with  tough  conduit  tubing,  which  must  extend 
■om  the  insulator   next  below   the   pipe   to   the   one   nest 

If  metal  conduits  or  iron  pipes  arc  used  with  alternating 
currents,  the  two  or  more  wires  of  a  circuit  tnusi  be  placed  in 
the  same  conduit  to  prevent  troublesome  induction  and  heat- 
ing. They  should  also  be  so  placed  in  direct-current  wiring 
if  there  is  any  possibility  of  alternating  currents  ever  being 
put  on  the  system.  In  this  case,  the  insulation  of  each  wire 
must  be  reenforced  by  a  tough  conduit  tubing  extending 
from   the   insulator   next   below   the   pipe   to  the  one   next 


/.     When' run    immediately   under   roofs  or   in 
proximity  to  water  tanks  or  pipes  will  be  considered 

as  exposed  to  moisture. 


34.  The  reason  for  the  first  part  of  (/')  is  that  plas- 
ter and  cement  are  likely  to  corrode  the  insulation  on 
the  wire  and  cause  it  finally  to  break.  If  the  plaster  is 
damp,  leakage  takes  place,  the  wire  is  gradually  dissolved 
by  electrolysis,  and  finally  it  becomes  so  thin  that  it  can- 
not carry  its  current  without  excessive  healing  and,  per- 
haps, not  without,  melting.  While  there  are  many  places 
where  wires  embedded  in  plaster  have  been  used  for 
years  without  serious  trouble,  because  of  the  dryness 
of  the  buildings  where  they  are  in  use,  trouble  may 
develop  at  any  time  and  the  practice  is  always  a  danger- 


The  second  part  of  (/')  is  inserted  as  a  direct  prohibition 
against  running  electric-light  wires  as  bell  wires  are  usually 
put  up.  Staples  not  only  do  not  insulate  tile  wire,  but  are 
likely  to  cut  into  the  insulating  covering  already  on  it. 
Rule  (r)  is  to  prevent  the  location  of  wires  where  it  is 
impossible  to  know  that  they  are  properly  supported  and 
insulated. 
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SYSTEMS    OF    DISTRIBUTION   FOR    INTERIOR 

WIRING. 

35,  The  voltages  in  common  use  on  low-potential  sys- 
tems are:  for  continuous  currents,  110  and  220;  for  alterna- 
ting currents,  52  and  104.  These  are  used  on  both  two-wire 
and  three-wire  systems  of  wiring.  Many  lighting  compa- 
nies allow  for  various  amounts  of  drop  at  different  points  on 
their  lines  and  install  lamps  of  different  voltages,  as,  for 
instance,  108-volt  lamps  near  the  generator  and  100-volt 
lamps  at  the  extreme  end  of  the  line,  with  lamps  of  inter- 
mediate voltages  at  intermediate  points.  But  the  lamps 
used  by  any  one  building  are  usually  all  of  the  same  voltage. 

36.  The  Tivo-Wlre  System. — This  is  the  simplest  plan 
of  wiring  and  the  one  in  most  general  use.  The  sketch, 
Fig.  11,  shows  in  diagram  the  essential  features  of  this 
system.     The  diagram  of  connections  is  the  same  for  all 


YVtrea. 
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Fio.  11. 

voltages  and  for  alternating  or  continuous  currents;  but  the 
fittings,  such  as  lamps,  sockets,  cut-outs,  and  switches,  and 
the  sizes  of  wire  used  will  be  very  different.  The  fittings 
and  the  proper  size  of  wire  to  be  used  will  be  discussed  later. 

37.  The  Edison  Three- Wire  System. — This  system 
comes  next  in  importance  and  extent  of  use.  It  also  is  used 
with  various  voltages  and  with  continuous  or  alternating 
currents;  but  its  chief  field  is  on  continuous-current  circuits 
ofjerated  by  two  generators,  with  110  volts  between  either 
outer  wire  and  the  middle  or  neutral  wire  and  220  volts 
between  the  outer  wires.  Fig.  12  shows  the  diagram  of 
connections.  This  system  is  also  sometimes  installed  with 
220  volts  between  the  neutral  and  outer  wires  and  440  volts 
on  the  outside  wires. 
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Referring  to  ihe  diagram,  Fig,  13,  observe  the  following: 
When  the  currents  in  the  two  outside  wires  are  equal  in 
amount,  no  current  passes  over  the  noutral  wire;  but  when 


^         '--    ^     ^     i    ^ 


the  currents  are  not  equal,  that  is,  when  more  lamps  or 
motors  are  on  one  side  of  the  neutral  wire  than  on  the 
other,  the  "difference  current  "  flows  on  the  middle'  wire. 

38.  The  advantage  of  this  system  is  that  with  tamps  of 
any  given  voltage  it  is  possible  to  save  in  the  amovmt  of 
wire  required.  In  the  outside  lines  of  the  lighting  company 
is  where  the  greatest  saving  is  effected,  because  the  neutral 
wire  is  there  much  smaller  than  the  outer  ones,  and  three 
wires  are  used  instead  of  four,  which  would  have  to  be  run 
if  the  generators  were  operated  indcjiendcntly.  In  interior 
wiring,  the  saving  is  not  so  great,  because  the  neutral  wire 
must  be  large  enough  to  carry  the  current  in  case  all  the 
load  is  turned  off  one  side  of  the  circuit,  as  would  be  the  case 
if  the  fuse  on  one  side  should  blow  and  that  on  the  other 
side  did  not,  and  becavise  in  small  installations,  where 
unbalancing  is  likely  to  occur,  three-wire  mains  must  be 
large  to  reduce  this  trouble  to  a  minimum.  This  subject  is 
e.vplained  later. 

ai).  The  three-wire  system  also  has  sinne  disadvantages. 
Its  moat  objectionable  feature  is  that  if  any  one  line  is 
opened,  as  by  the  blowing  of  a  fuse  on  one  line  only,  the 
system  is  unbalanced  and  a  voltage  higher  than  that  intended 
for  the  apparatus  is  thrown  on  the  lines,  unless  the  line  loss 
is.very  small  indeed.     If  it  is  the  middle  wire  that  opens, 
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the  whole  220  volts  may  be  thrown  on  110-volt  apparatus, 
if  the  system  is  much  unbalanced.  For  this  reason  some  Edi- 
son companies  refuse  to  place  cut-outs  on  the  neutral  wire; 
but  the  main  switch  should  in  all  cases  open  all  three  lines. 
Another  weakness  of  the  three-wire  system  is  the  fact  that 
there  is  more  danger  in  220  volts  than  in  110,  and  a  shi>ck 
received  from  a  220-volt  circuit  may  be  very  severe.  The 
wiring  is  somewhat  more  complicated,  but  owing  to  the 
saving  in  line  materials,  the  Edison  three-wire  system  has 
been  introduced  to  a  very  great  extent  and  still  meets  with 
much  favor  in  new  installations,  besides  extending  the  net- 
work of  its  wires  from  existing  stations.  Lately  it  has  had 
a  new  competitor  in  the  220-volt  two-wire  system,  which 
has  grown  in  popularity  with  the  perfecting  of  the  220-volt 
incandescent  lamp. 


40.  It  is  the  usual  practice  to  run  the  three  wir 
farther  within  the  building  than  to  the  centers  of  t 
bution,  and  from  these 
centers  to  use  the  two- 
wire  system,  dividing  the 
circuits  as  equally  as  pos- 
sible on  the  two  sides 
of  the  three- wire  cir- 
cuit, as  shown  in  the 
sketch,  Fig.  13.  By  this 
means,  the  branch  lines 
are  fused  on  both  sides 
and    amply    protected 


against 
rents,  though  not  against 
high  voltage.  If  the 
neutral  wire  within  the 
building  is  protected  liy  a 
fuse  as  large  as  that  in 
either  of  the  other  main 
wires,  the  danger  of  that 
line  opening  is  very  small. 
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41.  There  is  a  method  of  running  wires  on  the  two-wire 
plan  that  is  sometimes  confused  with  the  three-wire  system; 
this  is  illustrated  in  Fig.  14.  In  this  method  the  middle 
wire  carries  the  whole  current  and  each  of  the  two  outside 
wires  carry  what  current  is  necessary  for  the  lights  on  its 
side.     This  method  effects  no  saving  of  copper;  in  fact,  it 


often  requires  more  than  the  two-wire  system  would,  because 
the  three  wires  must  generally  be  of  the  same  size,  as 
e.xpiained  under  the  subject  of  cut-out  protection.  The 
object  of  the  arrangement  is  solely  to  make  it  possible  to 
turn  off  a  number  of  the  lights  without  running  four  wires. 
The  Underwriters  will  not  permit  it  with  more  than 
660  watts  on  a  side. 

43.  Systems  like  the  three-wire  system,  but  using  more 
wires  and,  consequently,  more  generators,  have  been  pro- 
posed; but  nime  of  them  have  come  into  commercial  use  to 
any  extent  in  the  United  States,  because  they  are  easily 
unbalanced,  because  some  of  them  give  voltages  too  high  for 
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interior  wiring  (551) 
working),  and  liccau^ 
used  to  some  extent  i. 


being   the  limit  of    low-tension 
,-  are  too  complicated.      They  are 
continent  of  Europe.      Fig.  15  is 
No  fittings  are  shown,  but 
]   complicated   to    make   the 
arrangement  appro.ximately  practicable. 


system 
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MFLTrPriASK  8TSTKMS. 

There   are  several  systems  fur  alternating  currents 
only,  known  as  multiphase  systems,   that   require   three   , 
or  four  wires.     These,  especially  the  thref-phasf,  the  two- 
phase,  and  the  monocyclic  systems,  are  very  imftortant,  and 
diagrams,  with  brief   descriptions  of  the  essential  connec-   i 
tions.  are  therefore  given.     Fig.  HI  represents  lamps  con- 
nected   on    a    three-phase   eTreult,    which    requires    three 
wires  of  equal  size.     The  voltage  is  the  same  between  any  ' 
two  wires,  and  it  is  desirable  to  divide  the  lights  equally 
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across  the  three  pairs  of  lines,  as  shown.  The  sizes  of 
for  the  branch  lines  (two-wire  circuits)  may  be  calculated  as 
for  any  other  two-wire  circuit,  as  is  explained  later.  The 
mains  are  of  the  same  size  as  would  be  required  if  there  were 
four  wires,  two  on  each  of  two  separate  two-wire  circuits 
carrying  the  same  total  number  of  lamps,  This  system  is 
easily  unbalanced  if  the  lamps  are  not  equally  divided. 
Cut-onts  and  switches  (not  shown  on  the  sketch)  must  pro- 
tect all  three  wires, 

44.     In  a  three-phase  system,  like  that  shown  in  Fig,  16, 
the  current  in  the  main  wires  is  found  by  multiplying  the 
current  in  the  branch  circuits  by  \'i—  1.73.      This  assumes 
that  the  load  on  the  three  phases  is  balanced,  as  it  should  be    | 
in  practice.     This  may  be  written  in  the  form  || 

6'„=  t;x  1,73,  (1.) 

when;  C=  current  in  each  of  the  main  wires 

6,,  =  current  in  branches. 
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Ill  Fig.  IG,  the  current  in  each  branch  is3  amperes;  hence, 
the  current  in  the  mains  is  2  X  1.73=  3.4(J  amperes.     The 

method  of  determining  the  size  of  the  mains  will  be  taken 
connection 


upn 


ring  c 


4J>,     In  the  tivo-plia.se  systc?m  the  wires  are  sometimes 

arranged  as  in  tlie  Edison  three-wire  system,  but  the  middle 
wire  carries  more  current  than  either  of  the  outer  wires, 
instead  of  less.  If  the  current  in  the  outer  wires  is  Cand 
the  current  in  the  middle  wire  C„,  then 
C-  Cx  l.+l. 
The  arrangement  of  circuits  is 
connected  between  either  outer  wire  and  the  middle  wire 
and  not  between  the  outer  wires.      The  system   is  easily 


(2.) 
in  Fig.  17,     Lamps  are 


^^ 
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unbalanced.  Three  wires  are  run  to  the  motors.  Two- 
phase  systems  are  generally  installed  as  two  separate  two- 
wire  systems,  four  wires  being  run  to    the  motors  and  the 


lights  being  divided  equally  on  the  two  two-wire  circuits. 
This  gives  better  regulation  (see  Fig.  lH).     In  this  case,  the 


§26 


INTERIOR   WIRING, 


X\ 


current  in  each  of  the  four  wires  will  \m:  one-half  that  whith 
would  flow  if  all  the  lamps  were  operated  on  a  regular  two- 
wire  system. 

46,  The  monoeyelle  *s>-»*teiii  is  used  only  in  transmisHion 
and  in  connection  with  motors.  Wiring  for  Hglils  on  a 
monocyclic  circuit  is  just  the  same  as  on  any  other  two- win* 
circuit  of  the  same  voltage.  The  third  wire  is  brought  in  only 
when  a  motor  is  installed.     For  its  conne'jtions>  j><r<;  I'ig.  lil, 
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47.  Generally  speaking.  miiJtiphase  ^j'r^uits  are  us<-d  in 
transmission  of  p^^wer  or.'y.  a'^d  j.<a  to  distribute  current  (o 
individual  lamps,  F^^r  i'.r.c.]  oi-tribution.  two-wire 'in  uitJi 
should  be  used,  and  either  'v:::.*:' ted  with  the  X.hr*'Jt  or  four 
multiphase  lines  at  tr.e'  cistrib^Jtivn  *  enter  or  supplied  with 
single-phase  (.urrer.t  :v  \:,*z  -^  r-f  s'j;tab]e  transformers. 

4U.  House  wir:r.;(  -'.'.'":>;  '.vruSi'-t  '.'f  two  di:*tin<.t  jy^rt ions: 
the  distTibutfon  c-lrr-uii*-,  wr.i'  h  r  jr.  from  tfie  lamj/s  t/y  a 
center  of  di^ri  but  Ion  a:.o  wr.i' h  should  ajwavs  l>e  two- 
wire  circuits,  and  the  ffj^fi«>'«  whi'.h  r'jn  from  the  outside  lines 
to  the  distrib-jt :'.'-•:  'T-.t^rr  <-'.  c  whi'r^  jn'jst  '.on form  to  the 
requirements  of  the  v^rt:- -jlar  system  to  \jt  uvr^d.  If  mains 
must  be  installed  V,:-.  re  ;t  :v  kr.own  what  system  is  to  supply 
current,  it  wiH  h»^  s -fnvier.t  to  run  four  separate  wires  of 
the  size  required  if  th*:  iarnps  were  to  "J^e  divided  eqijally 
between  two  separate  two-wir*:  •-y^tems.  This  wj]]  make  it 
possible  to  ^onr^e^t  t.-  a'iV  system  operating  at  the  voltaic 
fr^  which  the  wirin^r  '-^jvulations  are  made- 


6i  INTERIOR   WIRING.  g  30 

SWITCHES  AJTD  CUT-OUTS. 

49.     There  are  certain  devices  for  the  protection  of  con- 

nt-potential  systems  that  are  necessary  no  matter  what 

...tageis  used.     Should  anything  happen  to  damage  the 

wiring,  it  is  necessary  that  the  wires  be  disconnected  from 

»!"-  source  of  supply  of  current  with  the  least  possible  delay. 

:  devices  for  this  purpose  that  are  operated   by  hand  are 

sivltches.     Those  that  work  automatically  are  called 

.»>t>inatle  cut-outs.     These   latter  arc  of  two  kinds,  fuse 

itlopks  and  circuit-breakers. 

Both  a  switch  and  an  automatic  cut-out  must  be  placed  at 

near  the  place  where  wires  enter  a  building.      They  must 

be  placed  at  various  other  points  on  the  wiring. 

60.  The  object  of  the  cut-out  is  to  protect  the  wires  and 
he  devices  connected  to  them  from  damage  due  to  the 
iresence  of  too  much  current  from  any  cause  whatever, 
he  ordinary  cut-out  consists  of  a  porcelain  base  that  carries 
able  terminals  for  holding  a  piece  of  fusihie  wire,  or  fUse, 
n.iich  melts  and  ofjens  the  circuit  whenever  the  current 
becomes  excessive.  Not  only  must  the  cut-out  protect  the 
lines  when  there  is  trouble,  but  it  must  be  so  placed  that  it 
can  be  reached  to  replace  the  fuse  or  reset  the  circuit- 
breaker  when  the  trouble  is  remedied.  It  must  also  be 
arranged  so  that  the  blowing  of  a  fuse  or  the  opening  of  a 
circuit-breaker  cannot  do  any  damage. 

."Jl.  Switches  are  designed  to  disconnect  the  lines  from 
the  source  of  electricity,  not  only  when  there  is  trouble,  but 

when  convenience  requires,  as  in  turning  off  lights,  starting 
and  stopping  motors. 

ClrcnIt-lnH'ukei*s  are  not  as  commonly  used  in  interior 
wiring  work  as  are  fusible  cut-outs.  They  are  automatic 
switches  controlled  by  an  electromagnet  and  are  made  in  a 
number  of  different  styles.  Whenever  the  current  exceeds 
that  for  which  the  circuit-breaker  is  adjusted,  the  electro- 
magnet attracts  its  armature  and  releases  the  switch,  thus 
opening  the  circuit. 
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The  following  rules  regarding  these  devices  must  be 
followed  in  all  cases: 

Si^tclies,  Cut-Oats,  Circuit-Breakers,  Etc. — 

a.  Must,  whenever  called  for,  unless  otherwise 
provided,  be  so  arranged  that  the  cut-outs  will  pro- 
tect, and  the  opening  of  the  switch  or  circuit- 
breaker  will  disconnect,  all  the  wires;  that  is,  in 
a  two-wire  system  the  two  wires,  and  in  a  three-wire 
system  the  three  wires,  must  be  protected  by  the 
cut-out  and  disconnected  by  the  operation  of  the 
switch  or  circuit-breaker. 

b.  Must  not  be  placed  in  the  immediate  vicinity 
of  easily  ignitible  stuff  or  where  exposed  to  inflam- 
mable gases  or  dust  or  to  flyings  of  combustible 
material. 

Note. — In  buildings  used  for  starch  and  candy  factories, 
woodworkers,  grain  elevators,  flouring  mills,  or  other  pur- 
poses where  fittings  are  exposed  lo  dust  and  flyings  oi  in- 
nammable  material,  cut-outs  and  switches  should  be  placed 
in  an  approved  cabinet  outside  of  the  dust  rooms,  or  if  neces- 
sary to  locate  same  in  the  dust  room,  cabinet  must  be  dust- 
proof  and  arranged  with  a  self-closing  door. 

c.  Must,  when  exposed  to  dampness,  either  be 
enclosed  in  a  waterproof  box  or  mounted  on  porce- 
lain knobs. 

Automatic  Cut-Outs  (Fuses  and  Circuit-Breakers) 

a.  Must  be  placed  on  all  service  wires,  either 
overhead  or  underground,  as  near  as  possible  to  the 
point  where  they  enter  the  building  and  inside  the 
walls,  and  arranged  to  cut  off  the  entire  current 
from  the  building. 

Where  the  required  switch  is  inside  the  building,  the  cut- 
out required  by  this  section  must  be  placed  so  as  to  pro- 
tect it. 

b.  Must  be  placed  at  every  point  where  a  change 
is  made  in  the  size  of  wire  [unless  the  cut-out  in 
the  larger  wire  will  protect  the  smaller]. 

This  (b)  means  unless  the  current  carried  by  the  larger  wire 
is  less  than  the  smaller  wire  will  safely  carry,  the  fuse  being 
proportioned  to  protect  the  smaller  wire.  This  is  frequently 
the  case  when  line  wires  are  connected  to  fixture  wires,  which 
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are  small  so  that  they  will  go  between  the  shells  of  fixtures 
and  the  gas  pipe  within. 

c  Must  be  in  plain  sight  or  enclosed  in  an 
approved  box  and  readily  accessible.  They  must 
not  be  placed  in  the  canopies  or  shells  of  fixtures. 

This  rule  (c)  precludes  the  use  of  the  small  cut-outs  that 
it  was  customary  at  one  time  to  place  within  the  fixture 
canopies. 

d.  Must  be  so  placed  that  no  set  of  incandes- 
cent iamps,  whether  grouped  on  one  fixture  or 
several  fixtures  or  pendants,  requiring  more  than 
060  watts  shall  be  dependent  on  one  cut-out.  Spe- 
cial permission  may  be  given  in  writing  by  the 
Inspection  Department  having  jurisdiction  for  de- 
parture from  this  rule  in  the  case  of  large  chan- 
deliers, stage  borders,  and  illuminated  signs. 

On  62-  or  110-volt  circuits  this  is  equivalent  to  not  more 
than  twelve  Ifi-candlepower  lamps;  on  230-voU  circuits,  not 
more  than  ten  Ifi -can  die  power  lamps.  It  is  best  to  slay 
well  under  this  limit,  say  about  six  lamps  to  a  cut-oul, 
except  in  the  special  cases  mentiont^d  in  ihe  rule. 

c.  Must  be  provided  with  fuses,  the  rated 
capacity  of  which  docs  not  exceed  the  allowable 
carrying  capacity  of  the  wire,  and  when  circuit- 
breakers  are  iised,  tliey  must  not  he  set  more  than 
about  ;i()  per  cent,  above  the  allowable  carrying 
capacity  of  the  wire,  unless  a  fusible  cut-out  is  also 
installed  in  the  circuit. 

This  is  very  important.  A  fuse  block  not  properly  fuseJ 
is  of  no  use  whatever.  Irresponsible  parties  sometimes 
place  fvises  much  too  larjje  to  protect  the  wire  and  which 
will  destroy  the  cut-out  if  they  should  ever  blow,  besides 
doing  other  damage.  Sometimes,  also,  fuse  blocks  are 
found  having  copper  wire  where  the  fuses  should  be;  of 
course,  they  are  of  no  use  with  such  connections, 

5tJ.  Circuit-breakers  may  he  set  so  as  to  work  with 
greater  accuracy  than  fuses;  they  respond  quicker  to  sud- 
den overloads,    for  fuses    require   a   little   time   to  get    hot 
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enough  to  melt.  For  this  reason,  circuit-breakers  may  be 
set  for  higher  currents  than  fuses.  If  they  are  not  so  set, 
they  will  give  trouble  by  opening  the  circuit  on  momentary 
overloads  that  would  not  be  sufficient  to  melt  the  fuses. 
Circuit-breakers  are  usually  installed  to  protect  machines, 
while  fuses  protect  wires  and  cables  of  the  smaller  sizes. 
Very  large  fuses  should  be  avoided  and  circuit-breakers  used 
i:i  their  stead.  The  largest  currents  should  be  cut  off  indi- 
rectly, as  by  lowering  the  voltage  and  shutting  down  the 
generator.  But  such  very  large  currents  are  only  used  in 
special  low-voltage  work,  in  electrochemical  processes,  and 
electric  furnaces. 

63.     Rules  Relating:  to  Switches. — 
SMTitelies — 

a.  Must  be  placed  on  all  service  wires,  either 
overhead  or  underground,  in  a  readily  accessible 
place,  as  near  as  possible  to  the  point  where  the 
wires  enter  the  building,  and  arranged  to  cut  off 
the  entire  current. 

b.  Must  always  be  placed  in  dry,  accessible 
places  and  be  grouped  as  far  as  possible.  Knife 
switches  must  be  so  placed  that  gravity  will  tend  to 
open  rather  than  close  the  switch. 

r.  Must  not  be  single-pole  when  the  circuits 
that  they  control  supply  devices  that  require  over 
660  watts  of  energy  or  when  the  difference  of 
potential  is  over  300  volts. 

This  rule  (r)  is  important,  because  it  restricts  the  number 
of  lamps  so  severely. 

d.  Where  flush  switches  are  used,  whether  with 
conduit  systems  or  not,  the  switches  must  be 
enclosed  in  boxes  constructed  of  or  lined  with  fire- 
resisting  material.  No  push  buttons  for  bells,  gas- 
lighting  circuits,  or  the  like  shall  be  placed  in  the 
same  wall  plate  with  switches  controlling  electric- 
light  or  power  wiring. 

This  requires  an  approved  box  in  addition  to  the  porce- 
lain enclosure  of  the  switch. 
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e.  Where  possible,  at  all  switch  or  fixture  out- 
lets, a  J-inch  block  must  be  fastened  between  studs 
or  floor  timbers,  flush  with  the  back  of  lathing,  to 
hold  tubes  and  to  support  switches  or  fixtures. 
When  this  cannot  be  done,  wooden  base  blocks  not 
less  than  |  inch  in  thickness,  securely  screwed  to 
the  lathing,  must  be  provided  for  switches  and 
also  for  fixtures  that  are  not  attached  to  gas  pipes 
or  conduit  tubing. 

54-.    Construction  of  Cnt-Onts,  Ciren It-Breakers,  Et«. 
Equally  important  as  the  location  of  these  devices  is  their 
proper  construction.     The  following  rules  should  be  given 
careful  study  before  any  of  these  supplies  are  purchased, 
Cut-Onta  and  Clrciilt-Ureakers — 

ff.  Must  be  supported  on  bases  of  non-corabus- 
tible,  non-absorptive,  insulating  material. 

b.  Cut-outs  must  be  provided  with  covers,  when 
not  arranged  in  approved  cabinets,  so  as  to  obviate 
any  danger  of  the  melted  fuse  metal  coming  in 
contact  with  any  substance  that  might  be  ignited 
thereby. 

c.  Cut-outs  must  operate  successfully,  under  the  ■ 
most  severe  conditions  they  are  liable  to  meet  with 
in  practice,  on  short  circuits  with  fuses  rated  at 
50  per  cent,  above  and  with  a  voltage  2S  per  cent, 
above  the  current  and  voltage  for  which  they  are 
designed. 

(/.  Circuit-breakers  must  operate  successfully, 
under  the  most  severe  conditions  they  are  liable  to 
meet  with  in  practice,  on  short  circuits  when  set  at 
50  per  cent,  above  the  current  and  with  a  voltage 
X5  per  cent,  above  that  for  which  they  are  designed. 

e.      Must  be  plainly  marked,  where  it  will  always 
be  visible,  with  the  name  of  the  maker  and  the  cur- 
rent and  voltage  for  which  the  device  is  designed. 
Fu!*es — 

a.  Must  have  contact  surfaces  or  tips  of  harder 
metal  having  perfect  electrical  connection  with  the 
fusible  part  of  the  strip. 

b.  Must  be  stamped  with  about  HO  per  cent,  of 
the  maximum  current  they  can  carry  indefinitely, 
thus  allowing  about  'ih  per  cent,  overload  before 
fuse  meits. 
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W::r.  r*aked.  oj>en  fuses  nf  oMiru:*- 
o»«'  iiT-Zicrvs  cajxicily,  the  ma.ximun.  • 
'St.izt.  :rl  a>»ut  5  minutes  may  ir    '>i^i*  ■ 
r^.:r.:.  is  the   fuse  pnictkaliy  r^^a'  :i«- 
r-rritur-r  in  this  time.     With  wr'yr.'    '■■ 
rL'.-^icssiry. 

Encl'i^ed  fuses,  where  th*:  fu*-    j     ■ 
r-bstar.ces  havinjj  j;<hk1  coihIum:-.  :' ■ 
f.-r^Merable  volume,  requin  i-.  ri.^y'- 
a  maximum  lemjKTature.   or.   n'::'rj': 
material,  which  heats  ujj  slowly 

c.     Fuse  terminals  njiis*.    v 
maker's  name,  initials,  t  s/n,- 


55,    The  Underwriters' 3<iji«r 

in  detail  the  requirem«-nt>  •.r;a- 
of  these  requirements  pjilar*   •' 
cern  the  switch  manufartur*'  jri 
St  vie  of  switches  used  i'f  iw- 
later,  and  we  will  at  thi?^  yr.'.r 
rules  relating  to  ordinary  '  •  :  : 
more   directly   connecle'-i   v/..: 
wiring. 


t 


r»- 


'.t 


'  •• 


Snap  Switches. — 

a.  The  curreni-'.-ci'";   -  /  ;  -  • 
on  non-com b ust i '•  y it,  r.'*   -    . 
such  as  slate  or  y  ".*  .    •     - 
porting  screws  -r.j;      -^ 

\  inch ;  in  no  ';av;  v  .    ^ 
space    between    -.:/-*=•    ■ 
carrying  parts. 

Subbases  that  v. 
^  inch  from  th«:  --•"--        .    ■ 
nished  for  all  sr.s::>     . 
or  cleat  wr#rk. 

b.  Covers  rTiU'!'      •        • 
face   plates   for    f.  .   -       ■ 
their   sides   an*^:    "  •. 
tenacious  mat'.ria!     .  * 
firmly  secured,  v,  ••  -^  ■ 

ordinary    handiir.j-.       -    .  

slightly  beyond  th-,  !..'..•  

r.     The  handU:,  i.^irr.'.:..  ■.''.'.    '  <>''  '  '■  ;•"*  '""  * 
not  be  in  electrical  conn*:f  tion  Airri  tn*  '  if  m*. 
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d.  Must  "make"  and  "break"  with  a  quick 
snap  and  not  stLip  when  motion  has  once  been 
imparted  to  the  handle. 

Must  operate  successfully  at  50  per  cent,  over- 
load in  amperes  and  25  per  cent,  excess  voltage 
under  the  most  severe  conditions  they  are  liable  to 
meet  in  practice. 

When  slowly  turned  "on"  and  "off"  at  the  rate 
of  about  two  or  three  times  per  minute,  must 
"make"  and  "break"  the  circuit  l!,000  limes 
before  failing,  while  carrying  the  rated  current. 

e.  Must  be  plainly  marked,  where  it  may  be 
readily  seen  after  the  device  is  installed,  with  the 
name  or  trade  mark  of  the  maker  and  the  current 
or  voltage  for  which  the  switch  is  designed. 

On  flush  switches,  these  markings  may  be  placed 
on  the  back  of  the  face  plate  or  on  the  subplate. 
On  other  designs,  they  must  be  placed  on  tt^n  front 
of  the  cap,  cover,  or  plate. 

Switches  that  indicate  upon  inspection  whether 
the  current  be  "on  "  or  "off  "  are  recommended. 

Some  of  the  common  styles  of  switches  and  cut-outs  will 
be  described  later  when  the  methods  of  wiring  are  taken  up, 


OPEN  WOKK  IX  DItV   PLACES. 

56.  Open  work  is  generally  used  in  factories,  ware- 
houses, mills,  and  other  places  where  there  is  no  objection 
to  having  the  wires  in  plain  sight,  <)r  in  old  buildings, 
where  the  expense  of  concealed  work  overbalances  the 
ijl>jectional)le  appearance  in  the  mind  of  the  owner  of  the 
house  or  of  the  tenant.  It  is  the  cheapest  kind  of  construc- 
tion and  very  often  the  safest.  We  will  study  how  to  wire 
a  building  by  means  of  simple  examples. 


NI.Ml'LK   ]5.VAMI'I.E   OF   KACTOHY   WIRING. 

57.  Consider  a  factory,  such  as  a  long  machine  shop, 
v-hcre  there  is  but  one  floor  to  be  wired.  It  is  proposed  to 
vire  this  for  110-volt  enclosed-arc  lamps  and  incandescent 
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lamps  on  the  so-called  tree  system ;  that  is,  with  but  one 
set  of  mains  or  feeder  wires  leaving  the  dynamo  and  with 
other  lines  branching  from  these  mains  to  the  points  where 
lamps  are  required.  Let  Fig.  20  represent  the  outlines  of 
such  a  factory,  in  which  incandescent  lamps  are  to  be  hung 
on   lamp   cord   at   the  points  marked   X    and  enclosed-arc 
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Fig.  20. 

lamps  are  to  be  placed  where  the  marks  O  are  shown.  Let 
us  first  consider  what  is  the  cheapest  way  in  which  this 
factory  can  be  wired  in  order  to  satisfy  the  Underwriters; 
then  we  will  see  what  modifications  can  be  made  to  better 
the  light,  improve  the  system,  and  make  it  more  convenient 
and  economical  in  operation. 

68.  We  will  assume  that  each  incandescent  lamp  is  to 
be  allowed  55  watts.  vSome  good  lamps  take  less  power, 
but  it  is  not  safe  to  count  on  less.  We  also  assume  that 
each  enclosed  arc  is  to  take  5  amperes  while  burning  and 
12  amperes  to  start  on.  There  are  40  incandescent  lamps 
and  6  arc  lamps  to  be  wired. 

55  (watts)  -^  110  (volts)  =  .5  (ampere  per  lamp), 
40  X    .5  =  20  (amperes  for  incandescent  lamps), 
6x5     =30  (amperes  for  arc  lamps). 

Total  amperes  =  50, 

which  must  be  carried  on  the  mains  for  a  short  distance  at 
least. 
Referring  now  to  the  table  of  f  '  "Capacities 
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il  carry 


(Table  III),   we  see  that  the  smallest  wire  that   ' 

50  amperes  with  safety  is  No.  6  weather-proof.  I 

59.     Rules  Relating  to  Wires  for  Oj>oii  Work.— Fnr       | 
open  work  in  dry  places  we  have  the  following  rules  regard- 
ing wires; 

Wires — 

a.  Must  have  an  fl/'/roiri/ rubber  or  "slow-biirn- 
ing"  weather-proof  insulation. 

b.  Must  be  rigidly  supported  on  non-combusti- 
ble, non -absorptive,  insulators  that  will  separate  the 
wires  from  each  other  and  from  the  surface  wired 
over  in  accordance  with  the  following  table: 


Voltage. 

Distance  From 
Surface. 
Inch. 

Distance 
Between  Wires. 

Inches. 

0  to  300 
800  to  500 

1 

4 

Rigid  supporting  requires  under  ordinary  conditionB. 
where  wiring  along  flat  surfaces,  supports  at  least  every 
4j  feet.  If  the  wires  a.re  liable  to  be  disturbed,  the 
distance  between  supports  should  be  shortened.  In  build- 
ings of  mill  construction,  mains  of  No.  8  B.  &  S.  wire  or 
over,  where  not  liable  to  be  disturbed,  may  be  separated 
about  4  inciies  and  run  from  timber  to  timber,  not  breaking 
around,  and  may  be  supiKirted  at  each  limber  only. 

This  rule  will  not  lie  interprelefl  to  forbid  the  placing  of 
the  neutral  of  a  three-wire  system  in  the  center  of  a  three- 
wire  ck;it.  provided  the  outside  wires  are  separated  3|  inches. 

Slow-burning  weather-proof  wire  is  cheaper  than  rubber- 
cDvered  wire  and  is  suitable  for  this  purpose.  Various 
manufacturers  make  it.  The  following  specifications  will 
enable  the  wireman  to  determine  whether  wire  offered  him 
is  up  to  the  standard. 

iSlow-Htirnliivr  Wonthor-I'roof.— 

a.  The  insulation  shall  consist  of  two  coatings, 
one  to  be  fireproof  in  character,  the  other  to  be 
weather-proof.  The  inner  fireproof  coating  must 
comprise  at  least  ■,'„  of  the  total  thickness  of 
the  wall.     The  completed  covering  must  be  of  a 
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thickness  not  less  than  that  given  in  the  following 
table  for  B.  &  S.  gauge  sizes: 
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Sizes  of  Wires 
Between  Numbers. 

Thickness 

of  Insulation. 

Inch. 

14-8 
7-2 

2-0000 
0000-500,000 
500,000-1,000,000 
over  1,000,000 

i 

Measurements  of  insulating  wall  are  to  be  made  at  the 
thinnest  portion.  Either  the  fireproof  or  the  weather-proof 
coating  may  be  on  the  outside. 

b.  The  fireproof  coating  shall  be  layers  of  cotton 
or  other  thread,  the  outer  one  of  which  must  be 
braided.  All  the  interstices  of  these  layers  are  to 
be  filled  with  the  fireproofing  compound.  This  is 
to  be  material  whose  solid  constituent  is  not  sus- 
ceptible to  moisture,  and  which  will  not  burn  even 
when  ground  in  an  oxidizable  oil,  making  a  com- 
pound that,  while  proof  against  fire  and  moisture, 
at  the  same  time  has  considerable  elasticity  and 
that  when  dry  will  suffer  no  change  at  a  tempera- 
ture of  250°  F.  and  that  will  not  burn  at  even 
higher  temperature. 

c.  The  weather-proof  coating  shall  be  a  stout 
braid  thoroughly  saturated  with  a  dense  moisture- 
proof  compound  thoroughly  slicked  down,  applied 
in  such  manner  as  to  drive  any  atmospheric  mois- 
ture from  the  cotton  braiding,  thereby  securing  a 
covering  to  a  great  degree  waterproof  and  of  high 
insulating  power.  This  compound  to  retain  its 
elasticity  at  0""  F.  and  not  to  drip  at  IGO""  F. 

This  wire  is  not  as  liable  to  burn  as  the  old  **  weather- 
proof '*  nor  as  subject  to  softening  under  heat,  but  still  is 
able  to  repel  the  ordinary  amount  of  moisture  found  indoors. 
It  would  not  usually  be  used  for  outside  work. 


7.    lll.'-U 
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fiO.  XketrraolBAtioa  of  Sfi^  oT  Wire  Acronllacr  to 
Cnrrpnl    C^fW-Hj. — Obecrring  the  kxalioo  >tl   the  iamj^ 

as  siMXTQ  in  xhe  4aigiasi,  wc  sec  that  m  each  M(]«  t>(  the 
btulduis  and  down  ibe  cduer  tbcr  arc  arranged  in  straight 
tines.  It  is  vridait.  thtreSan..  tbaL  it  «iU  be  easier  to  run 
the  vtns  ainog  tbesr:  lines  and  to  fasten  ibe  rosettes  (snuU 
pnroFlain  fittings  iretm  whiffa  the  Imps  are  sospendeill 
dtrvctly  to  tbem,  nnher  than  put  in  short  branch  linr? 
and  mn  the  principal  vires  on  an*  otber  Unc^  We  will, 
therefore,  run  the  wiir*>  a^  shown  in  the  sketch,  where  each 
Kne  n  sappnsed  to  represent  a  pair  ot  vires  put  np  on  loxihs 
or  cleats. 

81.  We  hav«  imiv  IS  incandescent  lamps  on  one  line, 
SI  <ia  aniNher,  5  arc  lamps  ua  a  third,  and  1  arc  lamp  and 
1  iDcaodcscent  lamp  on  a  fourth.  Referring  again  to  the 
table  of  Carrying  Capadties,  wc  find  that  these  lines  will 
require  wires  of  the  foltowtng  sixes:  SI  incandescenl 
lamps  (10.5  amperes).  No.  11  wine;  IS  inouidesccnt  lamps 
(S  amperes),    Nu^    14    wire;   5  arc    lamps   (25   amperes). 
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Su<rh  an  arranneiiic[U  as  just  described  wuuKI    not  neces- 
sarily   ijivc    satisfaction;     it    wuuld  merely   be   safe.      But 
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before  entering  upon  the  matter  of  how  to  improve  the  plan 
of  the  wiring,  we  will  consider  some  of  the  fittings  and 
methods  of  work  that  should  be  used  upon  a 
installation  of  this  kind. 


Wi-riNGS  rsEii  Foii  exposed  wihing. 

( )j}en   Work   must    always    be    put    up    as 
though  there  were  no  insulation  whatever  on  the 


wires  themselves.     The  wires  must  be  suppurted 
isolators  so  as  nut  to  come  into  contact  with 


^ny  woodwork,  pipes,  or  any  other   thing  except 
insulating  supports. 


m  ^".113  ,'1  !A  m    T^ 

'•'vrnpl-y  wiih  the  enioL 

TV*!  4«e  nu4r  in  % 

FfK-  93  ArMr4ilke<^o)a«m>4-tm4  pwDe^i ...»- 

»fr«9  «M  ram  ihrrmgft  jamA.     t^  2!  is  z^  syie  'iE  i 


>  oft     A  ana 

ID  utravpi  Dncx  4 

\-i.ri  tube  Bwd  for  p 
Willi-  'rr  fl'>',r-  ,\"',K'  !h;ii  th'r  head  a  is  some  detance  froo 
th'-  '-r.'l,  -,',  ■:,„•  ..t,.  ,,  li,-  fii>^-  is  used  t or  carnrmg  wins 
tl.r..i);;t,  fl',-.r.,  u,-  .<;...,"!  |.;,n  ..f  the  wj re  will' be  above 
tbf  tl'.'.r. 

l-ij;     ;.'.  js  .1   mti;;lr    wir'-  ch-di,  iis<:<l  more  particuIariT  tor 
sii|j[jortJii[,'    (,ijrly    l.ir;."-    wirr-,,      l-'if-.    -^c   shows  a   two-wire 


^OL't 


leat  dL'sinnct)  lo  support  the  wires  'ij  im^hes  apart,  in  order 
-  L-unt.irni  with   the    UmlcrwritcfB'  reiiuirements.     Many 
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different  styles  of  cleats  are  made,  but  they  are  much  the 
same  in  general  construction.  It  is  always  best  to  put  up 
cleats  and  knobs  with  screws,  as  a  better  job  is  done  than 
when  nails  are  used.      Nails  are,  however,  sometimes  used, 


a  leather  washer  being  placed  between  the  nail  head  and 
the  porcelain,  to  prevent  the  latter  from  being  cracked. 
Fig.  27  is  a  knob  oleat  used  for  supporting  single  wires 
where  something  neater  than  the  ordinary  knob  is  desired. 
It  does  away  with  the  necessity  of  a  tie-wire  and  is  pro- 
vided with  four  differ- 
ent sized  grooves  so 
that  it  will  accommo- 
date wires  of  various 
thicknesses.  Fig.  28 
shows  a  double-headed 
tube  used  when  wires 
cross  each  other.  Por- 
celain tubes  should  al- 
ways be  nscd  where 
crossings  of  this  kind 
occur.  The  lube.  Fig. 
23,  is  frequently  used 
for  this  purpose;  but 
if  this  is  done,  the  end 
without  a  head  should 
be  taped  to  the  wire 
to  prevent  the  tube 
sliding  along.     Fig.  29  '' 

shows  a  fused  rosette  or  ceiling  cut-<i 
are  made  in  two  parts,  a  and  d.     Part 


These  rosettes 
;  screwed  to  the 
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ceiling  and  the  lamp  is  hun^  from  the  cap  i.  The  lint 
arc  attached  to  the  terminals  e,  c'  and  the  lamp  cord  t 
(^,  (/' ;  /,/'  are  the  small  fuses.  When  the  cover  d  is  attach) 
tn  II  by  a  twisting  movement,  terminals  ff,g'  lock  with  A, 
and  make  the  connection  from  the  mains  to  the  lamp.  Tl 
cord  should  be  knotted  at  /  so  that  the  pull  will  not  con 
on  the  cimnections  e/.  d'. 

<Mt.  For  such  work  as  is  now  being  considered,  the  priO 
cipal  porcelain  articles  required  are  the  cleat,  the  rosette 
and  the  cul -out.  These  arc  all  made  in  several  forms;  son 
cleats  arc  to  be  fastened  with  nails,  others  with  screws.  Th 
selection  of  such  fittings  must  be  made  with  reference  1 
the  work  in  hand;  for  instance,  cleats  cannot  be  put 
with  nails  on  plastered  walls,  because  the  driving  of  nail 
will  crack  the  plaster. 

If  the  wires  are  placed  high  out  of  reach  and  the  distand 
between  the  points  of  support  is  considerable,  they  should  t 
separated  a  foot  or  more  and  fastened  to  knobs.  Whei 
passing  through  walls  or  partitions,  the  wires  should  be  pr< 
teclcd  by  porcelain  bushings. 

If  a  lamp  is  needed  not  more  than  3  feet  from  the  direc 
line  of  the  wires,  it  can  be  hung  where  required  by  means  c 
foillnju;  button,  Fig.  > 
I  but  lamp  cord  must  not  1 
used  to  run  lamps  in  thi 
ay  more  than  2  or  3  fc< 
I  from  the  rosette. 


07.    Flexible    Lam; 

Cnnl. — In  selecting  Ian 
cord  for  this  kind  of  woi 
and  in  securing  good  socl 
ets,  too  much  care  caniu 
be  taken,  for  trouble  occui 
more  frequently  in  lamp  cord  and  surkets  than  in  any  othi 
part  of  the  wiring,  if  these  arlicles  are  not  of  the  highe 
grade.  There  is  much  temptation  to  use  lamp  cord  fi 
other  purposes  than  those  for  which  it  is  designed.     Tl 
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rules  regarding  it  are  given  here,  and  special  attention  is 
directed  to  them  : 

Flexible  Corel — 

a.  Must  have  an  approved  insulation  and  cov- 
ering. 

b.  Must  not  be  used  where  the  difference  of 
potential  between  the  two  wires  is  over  300  volts. 

r.     Must  not  be  used  as  a  support  for  clusters. 
d.     Must    not    be    used    except    for    pendants, 
wiring  of  fixtures,  and  portable  lamps  or  motors. 

c.  Must  not  be  used  in  show  windows. 

y.  Must  be  protected  by  insulating  bushings 
where  the  cord  enters  the  socket. 

g.  Must  be  so  suspended  that  the  entire  weight 
of  the  socket  and  lamp  will  be  borne  by  knots  under 
the  bushing  in  the  socket,  and  above  the  point 
where  the  cord  comes  through  the  ceiling  block  or 
rosette,  in  order  that  the  strain  may  be  taken  from 
the  joints  and  binding  screws. 

68,  As  there  is  much  inferior  lamp  cord  on  the  market, 
the  specifications  for  lamp  cord  are  given  here.  Only  brands 
that  comply  with  these  specifications  should  be  used. 

Flexible  Corel— 

a.  Must  be  made  of  stranded  copper  conductors, 
each  strand  to  be  not  larger  than  No.  20  or 
smaller  than  No.  30  B.  &  S.  gauge,  and  each 
stranded  conductor  must  be  covered  by  an  ap- 
proved insulation  and  protected  from  mechanical 
injury  by  a  tough,  braided  outer  covering. 

For  pen  da  nt  la  inps  : 

In  this  class  is  to  be  included  all  flexible  cord 
that,  under  usual  conditions,  hangs  freely  in  air  and 
that  is  not  likely  to  be  moved  sufficiently  to  come 
in  contact  with  surrounding  objects. 

b.  Each  stranded  conductor  must  have  a  carry- 
ing capacity  equivalent  to  not  less  than  a  No.  18 
B.  &  S.  gauge  wire. 

r.  The  covering  of  each  stranded  conductor 
must  be  made  up  as  follows: 

1.     A  tight,  close  wind  of  fine  cotton. 
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2.  The  insulation  proper,  which  shall  be  either 
waterproof  or  slow-burning. 

3.  An  outer  cover  of  silk  or  cotton. 

The  wind  of  cotlun  tends  to  prevent  a  broken  strand 
puncturing  the  insulation  and  causing  a  short  circuit.  It 
also  keeps  the  rubber  from  corrodjn);  the  cupper. 

d.  Waterproof  insulation  mu.'?t  be  solid,  at 
least  ,<j  inch  thick,  and  must  show  an  insulation 
resistance  of  50  megohms  (50  million  ohms)  per 
mile  throughout  two  weeks'  immersion  in  water  at 
70°  F.,  and  stand  the  tests  prescribed  for  low- 
tension  wires  as  far  as  they  apply. 

t.  Slow-burning  insulation  must  be  at  least 
j'g  inch  in  thickness  and  composed  of  substantial, 
elastic,  slow-burning  materials  that  will  suffer  no 
damage  at  a  temperature  of  250°  P. 

f.  The  outer  protecting  braiding  should  be  so 
put  on  and  sealed  in  place  that  when  cut  it  will  not 
fray  out.  and  where  cotton  is  used,  it  should  be 
impregnated  with  a  flame-proof  pnint  that  will  nm 
have  an  injurious  effect  tm  the  insulation. 

For  portables: 

In  this  class  is  included  all  cord  used  on  porUblc 
lamps,  small  portable  motors,  etc. 

g.  Flexible  cord  for  portable  use  must  have 
waterproof  insulation,  as  required  in  section  d  for 
pendant  cord,  and,  in  addition,  must  be  provided 
with  a  reenforcing  cover  especially  designrd  to 
withstand  the  abrasion  it  will  be  subject  to  in  the 
uses  to  which  it  is  to  be  put. 

For  portable  heating  apparatus: 

//.     Must  be  made  up  as  follows: 

1.  A  tight,  close  wind  of  fine  cotton. 

2.  A  thin  layer  of  rubber  about  ^i,  ic.;h  thick 
or  other  cementing  material. 

3.  A  layer  of  asbestos  insulation  at  Icjst  ,*j  inch 
thick. 

4.  A  stout  braid  of  cotton. 

6.  An  outer  reenforcing  cover  espV';U11y  designed 
to  withstand  abrasion. 

This  cord  Is  in  no  sense  waterproof,  the  thin  layer  of 
rubber  being  specified  in  order  that  it  may  serve  merely  as  a 
seal  to  help  hold  in  place  the  fine  cottun  and  asbwtos,  and 
it  should  be  su  put  un  as  to  accomplish  this. 
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69.  Lamp  Basce. — The  style  of  lamp  socket  used  in  a 
given  job  of  wiring  will  depend  on  the  kind  yf  Iwscs  that 
are  un  the  lamps.  A  large  number  of  different  styles  of 
lamp  bases  have  been  brought  out,  but  the  number  has 
n;radually  been  cut  down  until  the  three  types  shown  in 
Fig.  31  cover  practically  all  the  lamps  in  use  in  the  United 


Slates;  these  are  the  Edisun  {a),  the  Thomson-Houston  (d), 
and  the  Sawyer-Man,  or  Wesiinghouse  (r).  Of  these  three, 
the  Edison  base  is  the  most  popular  and  is  gradually  super- 
seding the  other  two.  In  each  case,  the  terminals  of  the 
socket  are  marked  /,  t'.  When  the  lamp  is  placed  in  the 
socket,  these  make  connection  with  corresponding  terminals, 
thus  connecting  the  circuit  with  the  lamp. 

70.  I-ADip  Sockets  ixnrt  Receptacles. — A  large  variety 
of  lamp  sockets  are  manufactured,  but  they  are  all  much  the 
same  in  general  design.  Some  of  these  are  provided  with 
keys  for  turning  the  light  off  or  on;  others  are  keyless — the 
light  being  controlled  by  a  separate  switch.  The  main 
thing  to  look  out  for  in  selecting  sockets  is  to  see  that  they  are 
substantial,  one  of  the  most  common  sources  of  trouble  on 
incandescent-lighting  circuits  being  flimsy  sockets  that  are 
continually  getting  out  of  order.  Fig.  32  shows  a  typical  key 
socket  for  an  Edison  base  lamp,  Sockets  should  be  so 
constructed  that  the  shell  a  will  be  insulated  from  the  wires. 
Ordinary  key  sockets  are  suitable  for  work  with  incandes- 
cent lamps  not  exceeding  .13  candlepower.  The  rubber  or 
composition  bushing  shown  in  Fig.  33  must  be  used  on  all 
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sockets  suspended  froro  bmp  conl  in  order  to  protect  d 
CM^I  irh«re  it  |ias$cs  tbrough  the  shell. 

Fig.  34  &tK)ws  a  watrrpnHif,  keyless  socket  for  an  Edw 
base.     The  terminals  are  surrounded  by  molded  mJca  insu- 
lating material  a  and  the  wires  *,  *  arc  attached  directly  lo 


the  miuns.  Waterproof  six-ket^  arc  also  made  of  pom 
S^n'fceis  of  this  type  are  required  by  the  Undenrii 
whenewr  wiring  is  done  in  damp  places,  snch  as  brewed 
dyv-houses.  etc. 

Fig.  SA  {ji)  and  {t)  shows  two  styles  of  keyless  ret 
dts.     Tbat  shown  in  Ptg.  35  («)  is  almost  entirely  of  p 
lain  and  is  desigj 
f»r    a    lamp  ba«| 
a  Tbomsoa-Hm 
(T.  H.)  base. 
shown  in  Pi^.  S 
is    pnt\-ided    will 
pi>r\.-e]3in 
a    brass    shdl, 
•*■■-  *  terminals   being  dt" 

signed  to  take  a  Sawyer-Man,  or  Westinghousc,  base. 


roncKLAtx  FtrsE  rxjockk. 
71.     Edt«on  1*ln«i  Cui-Onts -Among  the  sttttaUel 


outj  for  ^mall    oiirrenis  ■ 


110-T»lt    wi>rk  I 


Standard  Edison  ftaeie^pluir  cut-outs.     These  cat-<Mit4 


^  •   ^ 


odr  ef  X  nril- 

-i  ,'C  jKMf  sad  bcanath) 

-*^    rr  T-lo-i  w-iui  copper  ter- 

-  i&i  15  almoel 
*t-nfw«  on  the 


=::;?;  o.tEpir  with  the  fol- 


lU~   .-ir  >".>C    «>ver    ISo    Volts 

'  T  --  —'-■:''.■.':'.':  ":.i?<^  eaclv'seii  in  fire- 
-.'-'.-  M  --—.:—  rreik  di<;inof,  Ij  inches; 
-.  ^:^Ti-.:  -  :  ::rTr.-.r^?  ■[  v-pposite  polar- 
"  -^p-iri;^-:  :v  j~;  l'^  pAr;i;ion5,  H  inches. 
bi  k,\.i  fn^     '"..  >f.-_i.;  -„-.:<  amy  fvrtitfK  of 


fur  f'lrr'iiltn  wf  Not  Over   S.'VO   VolCS. — 

I, inlet  on  n'm-rombuscibif  t>a*<^s  encl'used  in  fire- 
j/fcff  f;ahinct!<.    Minimum  break  distance,  'i\  inches; 
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n  separations  of  terminals  of  opposite  polar- 
ity, unless  separated  by  ample  partitions,  2^  inches. 
Fuses  to  be  hehl  free  of  contdct  with  any  portion  of 
the  base. 


For  open  work,  where  the  fuse  bl 


not  enclosed  in 


fireproof  cabinets,  they  must  be  provided  with  suitable 
covers  to  prevent  the  melted 
metal  of  the  fuse  wire  com- 
ing into  contact  with  inflam- 
mable material.  They  should 
also  be  so  located  that  no 
damage  will  result  if  the 
cover  is  left  off. 

Figs.  39  and  40  show  two 
styles  of  link  fuse  blocks, 
Fig.  39  being  a  main-line 
block  with  its  cover  and 
Fig.  40  a  two-wire  branch 
block  with  its  cover  omitted. 
Some  manufacturers  rate 
their  wares  as  capable  of 
carrying  larger  currents  than 
should     be     allowed.       Care 


FitM- 


74.  Ik  the  Mcifcia  wf  ■iriag  flstntcd  ia  Fi^.  W, ■> 
ccMdoC  tbefiK 
bi  the  oBoe  »  wk  firtlw  r  tmxf  trem  ihe  ijmamta  das 
the  fint  luBp.aa  that  fiae.  Owing  to  the  nsisXaAoe  o( 
wire;  the  ■*'-*''*^  IsBp  wfll  wot  b«ni  as  bfillBatl}'  as 
nearer  me;  tbcrcfucn  ic  ts  dennbte  lu  have  a  sjstetB 


% 


». 

^ 

-^^-■— ^/l 

— . ■  1 

u 


i;f>  wi:i  a;i  ;zi'>»"  with  equal  bright- 
ii.->ir;tbk-  in  many  cases  to  have  a 
uh  lanifi,  as  this  means  many  small 
1  tu-ts  arc  not  as  reliable  as  a  few 
lu-c  mure  tmuble.  We  will,  there- 
t.-iblishmeiu  s.)  as  to  avi.iid  these  two 
I'ig.  41    represents    the  factory  so 
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wired.  Where  joints  are  made  without  .changing  the  size 
of  the  wire,  no  cut-outs  are  required.  In  these  wiring 
diagrams  but  one  line  is  drawn  to  represent  the  two  wires 
that  must  be  installed. 

In  the  wiring  diagram  shown  in  Fig.  41,  there  being 
less  than  OGO  watts  on  any  branch  circuit,  fuses  may  be 
omitted  from  the  rosettes  (or  f useless  rosettes  installed). 
Fuses  of  a  proper  size  to  protect  the  lamp  cord  must  be 
placed  in  the  cut-outs,  that  is,  O-ampere  fuses  if  No.  10  cord 
is  used.  In  such  an  installation.  No.  18  lamp  cord  cannot 
be  used  without  fused  rosettes,  unless  not  more  than 
6  lamps  are  placed  on  a  branch  circuit,  because  a  3-ampere 
fuse  is  required  to  protect  No.  18  wire,  and  if  placed  in  a 
cut-out,  it  will  not  allow  current  to  pass  for  more  than  6 
110-volt  lamps.  The  sizes  of  wires  permitted  by  the  insur- 
ance rules  will  be  the  same  as  in  the  first  case  studied. 

76.  We  will  now  take  up  the  subject  of  line  calculations 
with  reference  to  loss  of  power,  or  droi>  in  potential. 
Table  V  gives  the  resistance  of  pure  copper  wire  at  75°  F. 
(24°  C),  which  is  the  temperature  at  which  wiring  calcula- 
tions are  usually  made.  The  conductivity  of  commercial 
copper  wire  is  from  98  to  99.5  per  cent,  of  that  of  pure 
copper. 

In  ordinary  interior  wiring,  the  variations  in  resistance 
due  to  changes  in  temperature  are  usually  disregarded, 
although  they  must  be  taken  into  account  in  the  design  of 
most  kinds  of  electrical  apparatus  where  they  affect  the 
regulation  very  much,  as,  for  instance,  in  the  field  coils  on 
a  generator.  The  greatest  variation  in  temperature  at  all 
likely  to  occur,  and  that  will  occur  but  rarely  and  only  in 
open  work,  is  ai)out  100°  F.  This  will  correspond  to  a 
change  in  resistance  of  about  21  per  cent. 

The  resistances  of  wires  smaller  than  No.  18  are  of  no 
use  in  practical  wiring,  but  are  given  for  reference,  as  small 
wires  are  used  in  many  pieces  of  mechanism,  such  as  fan 
motors,  resistance  boxes,  etc.  with  which  wiremen  have  to 
deal,  and  also  in  bell  and  annunciator  work. 


-^ ^i~ — ^ ^ 

^  —  ^™  •*— ^ 
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76.  The  efficiency  of  a  system  of  electric  wiring  depends 
on  the  amount  of  power  that  is  consumed  in  heating  the 
wires  instead  of  being  conveyed  to  t^he  lamps  or  other  trans- 
forming devices.  This  loss  of  powtJ  (in  watts)  is  equaiJLe 
the  volts  rop  in  the  line  multiplied  by  the  currefit  in 
afnperes.  Wiring  specifications  usually  call  for  so  maiiy 
volts  drop  or  not  more  than  a  certain  percentage  of  drop 
on  the  line  between  the  lamps  and  the  center  of  distribution 
and  between  the  center  of  distribution  and  the  point  where 
the  wires  enter  the  building  or  where  the  dynamo  is  located. 


C  ALCVLATION  OF  LJNE  LOSSES  DUE  TO  RESISTANCE. 

77.  We  will  now  calculate  the  drop  on  the  wires  in  the 
factory  shown  in  Fig.  41,  using  the  smallest  wires  permitted 
by  the  Underwriters.  The  distance  from  the  dynamo  D 
to  the  point  marked  A,  which  is  the  average  distance  that 
the  current  travels  on  the  No.  6  wire,  is  150  feet  (allowing 
for  risers  to  a  ceiling  15  feet  high).  As  there  must  be  two 
wires,  the  total  length  of  wire  is  300  feet. 

The  resistance  of  1,000  feet  of  Y,o.  6  wire  (Table  V)  is 
.39440  ohm;  therefore,  the  resistance  of  300  feet  of  No.  6 
wire  is  .3  X  .39440  =  .11832  ohm.  This  line  carries  50  am- 
peres. By  Ohm's  law,  the  drop  is  given  by  the  following 
relation: 

Drop  in  line  (volts)  =  current  in  line  X  resistance  of  line ; 

hence.  Drop  =  50X.11H  =  5.9  volts. 

The  line  from  A  to  B  carries  current  for  9  lamps,  or 
4.5  amperes.  Its  distance  is  140  feet  and  the  resistance  of 
the  No.  14  wire  is  2.5*21  ohms  per  1,000  feet;   hence 

2  X  140 
Drop  =  4. 5  X  -p X  2.521  =  3.1765  volts 

drop  on  the  branch  line  of  No.  14  wire. 

The  total  droj)  from  I)  to  B  will  then  be  5.9+3.18 
=  9.08  volts.  This  is  S.3  per  cent,  of  110  volts,  altogether 
too  much  for  such  a  plant  as  we  have  been  considering. 


\ 
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The  reason  why  such  a  large  loss  must  not  be  permitted 
in  addition  to  the  simple  matter  of  economy  of  power,  is 
that  such  a  large  falling  off  in  voltage  will  greatly  reduce 
the  brightness  of   the   lamps  and  piKir  service  will  resuV.\,. 
The  cost  of    power  alone,  however,  ia  usually  a  sufficiexriV 
reason  to  prohibit  such  great  losses  in  the  wiring. 

78.  The  plant  we  are  considering  requires  50  ampei es 

at  no  volts,  or  S.fiOU  watts.     This,  if  furnished  by  a  ligl it- 

ing    company,  will  cost  between  10  cents   and  'iO  cents  a 

kilowait-hour,  at  the  rates  ordinarily  charged.  That  v.  —jiU 
be  from  $.65  to  $1.10  an  hour  for  light.     H.3  per  cent.  of 

this  is  4.5Cfl  cents  to  IMH  cents  an  hour.     If  the  lights  a-i^are 

used  an  average  of    3  hours  a  day  :jllo  days  a   year,  tl lis 

will  amount  to  from  $'i7,:i9  In  $51.78  a  year.  If  the  li==ss 
were  one-fourth  as  great,  the  saving  in  the  cost  of  lig^Jit 
in  one  year  would  more  than  pay  for  the  additional  cost  -^of 
wire. 

It  is  usual  to  specify  a  2-per-cent.  drop  for  such  installa- 
tions as  this  when  the  current  is  to  be  purchased  at  fairl,^ 
high    prices,   and  a    ;i-per-cent.   to    5-per-cent.    drop  where- 
Ihe  current  is   produced  cheaply,  as  by  a  dynami>  on  the 
premises.      Not  more  than  a  5-per  cent,  drop  should  be  per- 
mitted on  fihi>rt  distances,   even  where  very  cheap  work  is 
desired.      This  would  be  accomplished  in  this  case  by  using 
No.  4  wire  f')r  the  feeders  and  No,  Vi  for  the  branch  lines. 
The  student  may  calculate  the  loss  exactly  by  the  use  of 
Table  V. 

79.  Drop  In  Art-r.lKht  Wiring.— The  loss  on  the  arc 
lines  using  No.  10  wire  from  the  point  A  is  found  as 
follows:  The  resistance  of  No.  10  wire  is  about  1  ohm 
per  1,0W)  feet. 

Drop  fr.>m  .1  M  lamp  No.  3  =  l.')(amperes)  X  ^^^— '  =  -3  voh; 
Diop  from  lamp  N.>.  J  U.  lamp  No.  .1  =  10  X  ^,^~  =  1  volt; 


Prop  from  lamp  No.  J  lo  lamp  No.  J  =  T,  x  \^  = 


r) 
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Drop  from  lamp  No.  4  to  lamp  No.  5  =  .5  volt; 


Drop  from  yl  to  lamp  No.  >^  =  10  X  -:r- 


2x40 
000 


=  .8. 


Total  drop  at  lamp  No.  i  =  .3  -h  1  -h  .5  =  1.8  volts; 
Total  drop  at  lamp  No.  ;?  =  .8  4-  1  =1.3  volts; 

Total  drop  at  lamp  No.  J  =  .3  volt; 

Total  drop  at  lamp  No.  4=  .8  volt ; 

Total  drop  at  lamp  No.  5=.8-|-.5  =1.8  volts. 

These  slight  variations  can  be  permitted  on  the  arc  lamps 
without  inconvenience. 

80.     Slzo  of  Wire  for  Are  lilghts. — It  should  be  noted 
that  No.  10  wire  is  the  smallest  permitted  on  this  line  if  the 


Akdm/r 


<a) 


/lfi/2  W/rw 


20  Ampere  fi/se 


fOAn^feff/lfse 


=4=o^^^^-<^ 


m  f4  mre 


Fio.  42. 


line  is  protected   by  but  one   cut-out.     But  if  the  line  is 
divided  into  tv.  o  parts,  one  for  lamps  Nos.  i,  2^  and  S  and 
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The  average  distance  from  the  dynamo  to  the  farthest 
lamps  is  150  +  140  =  290  feet.  This  requires  580  lineal 
feet  of  wire,  or  .580  thousand  feet,  there  being  two  lines. 

2.2  (volts)  ^  ^  g  ^^^^^         ^^^^^  ^^ 
.580 

3.8  (volts) -^  50  (amperes)  =  .076  ohm  per  1,000  ft.  for  mains 

The  nearest  wire  to  this  is  No.  00,  with  .078  ohm  per 
1,000  feet.  Using  this,  the  loss  on  the  mains  will  be 
.3  X  .078  X  50  =  1.17  volts,  leaving  2.2  -  1.17  =  1.03  volts 
to  be  lost  in  the  distribution  lines  and  1.03  -^  .'J8  =  3.68  volts 
per  1,000  feet  in  the  branch  lines.  The  wire  nearest  to  this 
is  No.  9. 

The  student  will  see  at  once  that  in  making  a  saving  of 
about  7  per  cent.  (9.13  —  2.2  volts)  in  efficiency  he  has  been 
obliged  to  use  about  five  times  as  much  copper,  and  that  if 
the  distances  are  long  and  the  losses  must  be  small,  the  cost 
of  wire  will  prohibit  the  use  of  low  voltages. 

82.     Wiring:  for  220  Volts,   3-Per-Cent.  Drop.— As  a 

further  exercise  in  calculating  the  required  sizes  of  wires  in 
terms  of  resistances  per  1,000  feet,  let  us  ascertain  the 
proper  sizes  of  wire  to  equip  the  factory  with  220-volt  lamps, 
allowing  3  per  cent.  loss. 

As  220-volt  lamps  are  not  as  efficient  as  110- volt  lamps,  we 
will  allow  60  watts  per  16-candlepower  lamp  and  3  amperes 
per  enclosed-arc  lamp.  The  four  circuits  for  incandescent 
lamps  carry  approximately  equal  loads  and  are  of  about  the 
same  length,  so  that  if  we  calculate  the  size  of  wire  to  use 
on  one  of  them,  we  will  have  found  the  proper  size  for 
them  all. 

10  (lamps)  X  00  (watts  per  lamp)  -i-  220  (volts)  =  2.73  amperes^ 

4  X  2.73  =  10.92  amperes  for  incandescent  lamps. 

5  X  3.00  =  15.00  amperes  for  arc  lamps. 

25.92  amperes  total  current. 
3  per  cent,  of  220  volts  is  6.G  volts. 


i  sac,  WT  «3  1m«c  a  kss  «a  the 
=  Z~*t  -wnta^  feaxim  XS3  volts  to 


—  4.C3  ohms  per  l,QM  fed. 

Taiile  V  pvcs  4.00*  okns  per  !  tOO  fm  for  Xo.  IS  win. 
irluch  0  snaDcr  than  tfae^  UodteiWT^xrs  vill  permit.  Xo.  14 
mast  be  lued.  evea  tbui^fa  it  s  bi  ;«r  ihaa  Dccessary  as  far 
as  the  drop  is  moacrnecL  The  nss  wili  tbeo  be  oo  the 
btancfa  hue  .«*  x  «.5«  X  S-T3  =  1  »3  volts.  leanng  6.G0— 1.«3 
=  4-''T  vo!t.«i  t.>  be  I-Mt  in  the  main^,  in^ead  of  3,07,  as  pre- 
vi'jusly  calculated. 

-■    -  -^  -;.%.;•  =:  .'■.  Mhra  per  1."imi  feet  in  feeders. 

N'',  >  wir-;  ha>  .■■.■,'?  "hm  per  l.Oi'M  feet  and  is  nearest  the 
r.:,,mre.l  ,;,,. 

In  -;-;"■■.  ;■.  wiring;,  where  the  distances  within  the  buiid- 
in^,'  arc  >h'  r:,  the  wireman  will  iisiialiy  find  that  the  mini- 
mum siz(.~  ■•{  wires  specified  by  the  Underwriters  are  large 
(rni.ii^ih  I'j  '.arry  the  current  with  less  than  "-i  per  cent.  loss. 
In  sm.-il!  'iwellintjs  wired  i>n  the  closet  system  of  distribution 
with  Ti'>-\'<h  (irriiits.  it  will  not  lie  necessary  to  pay  any 
alt'-nti'.n  whatever  to  the  drop  on  inside  lines. 

M;[.  (cjitcr  <if  l>Iwtrnmiloii.— in  making  calculations 
niatiiiK  to  wirin;;,  the  distance  to  he  taken  is  the  aierage 
(Hslmiic  throuffh  which  the  current  supplied  can  be  con- 
sidered  as  flowing.     For   example,    take   a   case   like   that 
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shown  in  Fig.  43,  where  a  circuit  is  run  from  a  distributing 
point  .^  to  a  number  of  lamps  T?,  For  the  first  100  feet  no 
lamps  are  connected ;  we  then  have,  say,  13  lamps  spread  out 
over  50  feet  at  the  end.  In  calculating  the  drop  on  such  a 
circuit,  it  is  evident  that  the  full  length  should  not  be  taken, 
because  the  whole  of  the  current  does  not  flow  through  all  the 
line.  The  current  keeps  decreasing  as  each  lamp  is  passed. 
The  center  of  distribution  for  the  lamps  will,  therefore,  be 
at  C  and  the  average  length  of  wire  through  which  the 
6  amperes  is  carried  is  3  X  135  =  250  feet.     If  the  lights  were 


=:> 


all  bunched  at  the  end  of  the  line,  the  distance  to  the  center 
of  distribution  woiild  then  be  the  same  as  the  length  of  the 
line,  and  the  length  of  wire  through  which  the  fj  amperes 
would  flow  would  be  a  X  150  —  :(00  feet.  If  the  lights  were 
spaced  uniformly  throughout  the  whole  length  of  the  line,  the 
average  distance  would  then  be  '  | "  —  I'S  feet  and  the  average 
length  of  wire  used  in  making  calculations  for  drop  would 
be  150  feet.  By  laying  out  a  plan  of  the  wiring,  the  average 
distance  over  which  the  current  is  transmitted  can  usually 
be  determined  without  much  trouble  and  close  enough  for 
practical  purposes. 
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84,  The  perceniage  of  drop  on  any  system  of  wiring  is 
inversely  pnjpfjriional  to  the  square  of  the  voltage,  if  the 
walls  transmitted  are  the  same.  That  is,  if  we  have  1  watt 
lost  in  transmitting  100  watts  at  'i'20  volts  over  a  certain 
wire,  we  will  have  -1  watts  lost  in  transmitting  ino  watts  at 
110  volts  over  the  same  resistance,  and  16  volts  lost  in  trans- 
mitting at  55  volts.  Let  us  see  what  would  be  the  result  if 
the  factory  wired  for  S'iO  volts,  3  per  cent.  losv  were  con- 
netted  to  52-VDlt  supply  wires  and  furnished  with  53-volt 
lamps. 

40  62-volt  lamps  taking  1  ampere  each.  40  amperes. 

6  alternating  arc  lamps .W  amperes. 

Total  current iiii  amperes. 

.647  X  .3  X  SO  =  16.93  volts  lost  in  mains. 
3.53  X  .'is  X  10  =  7.08  volts  lost  in  branches. 
Total  =  24.01  volts  lost  in  wiring. 
The  actual  volts  drop  will  not  be  as  great  as  this  because 
the  current  will  not  be  as  great,  owing  to  the  resistance  of 
the  lines;  for  the  lamps  lieinji  siipiiHi-il  with  considerably 
less  than  Hi  vulis  will  nut  tako  llivir  lull  ;imoiint  ol  current. 
These  figvires  will  be  corrert.  hnwever.  if  the  lamps  take 
1  ampere  each  (as  wculd  ■^."i-vi.lt  s-candlepower  lamps  if  they 
were  substituted  for  the  .Vi-v.ilt  lil-candlejjower  lamps). 
Here.  then,  is  a  loss  of  about  nt>  per  cent,  and  a  reduction 
of  the  ]i.)wcr  transmitted  of  ryti  per  ceut.  Leaving  the 
5-^-volt  laul[.^  in  pla.e,  the  actual  volt.-i^'e  will  be  (since 
the  resistance  of  the  lines  is  r.bout  equal  to  one-half  that 
of  the  lamps.  ..r  one-third  the  total  resistance)  about 
;(.")  volts.  The  main  lines,  moreover,  will  not  carry  a  current 
of  (10  amperes  safely- 

H5.     Solcction   of   Fittings   Cor   iJ-JO-Volt   Wiring. — In 

■J-^il-volt  wiring'  jireat  .are  must  he  taken  in  the  selection  of 
fntiiiHS.  Cut-outs,  sockets,  and  switches  designed  for 
110-volt  working;  and  not  improved  during  recent  years  so 
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as  to  comply  with  the  severer  requirements  of  the  present 
(lay  must  not  be  used  on  higher  voltages.  Keytess  sockets 
should  be  used  for  220-voll  work  and  the  lamps  controlled 
by  switches ;  no  rosettes  with  fuses  should  be  installed,  fuses 
being  placed  in  approved  cut-outs,  one  of  which  should 
be  provided  for  each  ten  lamps  or  less.  If  proper  pre- 
cautions are  taken  to  procure  good  cut-outs,  sockets,  and 
switches,  there  is  no  especial  difficulty  to  be  encountered  in 
220-volt  work,  though  the  lamps  are  not  as  efficient  as  can 
be  procured  for  lower  voltages. 

Fig.  44  ((j)  and  (d)  shows  two  cut-outs  designed  especially 
for  22(l-volt  work.  The  construction  is  such  as  to  secure 
higher  insulation  and  less  liability 
to  arcing  than  with  the  ordinary  ^ 
no-volt  fittings.  Fig.  i4  {«; 
three-wire  branch  block  show 
without  the  fuses  in  pli 
Fig.  -14  {^)  is  a  three-wire 
block  with  the  fuses  /  in  the 
proper  position.  These  fuses 
of  the  enclosed  type;  i.  e., 
fuse  is  enclosed  in  an 
holder  that,  in  this  c; 
by  clips  ^,^.  (a). 

Enclosed    ftisos   ha 
years  become  q 
idea  is  to  prevent  the  fuse 
when  it  blows  and   also    to  pro- 
tect    it.        It    is    claimed     that 
enclosed  fuses  are  more  reliable 
than  open  ones,  because  they  may 
be    depended    on   to   blow    more 
nearly    at    their    rated    current. 
Open  fuses  often  come  in  contact 
with  the  cold  porcelain  base,  and 
this   has   a   marked    influence  on 
their    fusing    point.       Drafts    of 
air  may  also  influence  the  fusing 
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point  considerably.     Enclosed  tuses  are  now  very  generally 
used  for  110-,  280-,  and  600-volt  work. 

SG.  Mi!M>  of  WIro  for  Thit-e-WIre  Hystoin.— If  it  is 
desired  lu  wire  the  shop  which  we  hiivc  been  considering 
for  1 10-volt  lamps  on  the  Kdison  thrcc-wirc  system,  the  sizes 
o(  the  main  wires  rt-ijuired  will  iie  the  sumvasfor  the  220-voli 
two-wire  system,  and  a  third,  or  neutral,  wire  must  be 
instiiUed.  This  is  usually  placed  lietwecn  the  othttr  two. 
and  if  the  wires  arc  put  upon  cleats,  three-wire  cleats  may 
be  used.  The  neutral  wire  must  nut  be  smaller  than  will  tw 
required  for  the  safe  carrying  capiicityfor  the  current  of  all 
the  lamps  (in  one  side  of  the  circuit.  In  this  case,  that  cur- 
rent is  2fi  amperes  and  the  wire  must  not  be  smaller  than 
No.  10.  It  should  be  larger,  to  prevent  unbalancing  when 
off. 


lamps  arc  ti 
\     S7. 


cinar  of  'I'liri't-WIn-  Mj-stu-m. — The   un- 

hrce-wire  system  with  the  three  wires  of  equal 

I'ig.  45  (a)  and  (A).     When  tlie  s>-stem 

II  (rtj,  we  have  H  amperes  in  the  outside  wires 
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resistance  oi  A  B^  C  Z),  and  E  F  must,  therefore,  be  \  ohm, 
in  order  to  give  a  drop  of  2  volts  with  a  current  of  3  amperes. 
If  the  load  becomes  unbalanced,  as  in  (^),  there  will  be  a 
current  of  3  amperes  in  A  B,  as  before,  2  amperes  in  C  /), 
and  1  ampere  in  E  F.  The  drop  inAB  will  be  f  X  3  =  2  volts ; 
in  C  Z>,  I  X  2  =  1|  volts;  in  ^  /%  f  X 1  =  |  volt.  The  total 
drop  in  the  two  outside  wires  will  now  be  2  +  i  =  2f  volts, 
and  hence  the  pressure  between  the  outside  wires  at  the 
end  of  the  line  must  be  224  —  2f  =  221J  volts.  Taking  the 
upper  side  of  the  circuit,  we  have  3  amperes  flowing  out 
through  A  B  and  2  amperes  flowing  back  through  CD;  the 
drop  on  this  side  must,  therefore,  be  2  -f  li  =  3J  volts  and 
the  pressure  between  B  and  D  must  be  112  —  3J  =  108 1  voltr. 
The  pressure  between  B  and  F  is  221 J  volts;  hence,  the 
pressure  between  D  and  /^  must  be  221J  —  108|  =112|. 
The  result  of  the  uneven  load  is,  therefore,  that  the  voltage 
rises  in  the  lightly  loaded  side  and  falls  on  the  side  having  a 
heavy  load.  If  the  neutral  wire  were  smaller,  this  unbalan- 
cing would  be  greater. 

The  branch  lines  of  a  three-wire  system  must  be  calculated 
for  the  proper  current  and  drop  on  110  volts  as  two-wire 
circuits,  because  these  branches  are  simple  two-wire  circuits. 
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UNIFORM  DROP  TN  FEEDER  LINES. 

!•  In  installations  where  there  are  many  sets  of  feeder 
lines  running  to  various  departments,  it  is  usual  to  allow  a 
certain  loss  in  the  feeders  and  a  certain  other  loss  in  the  dis- 
tribution wires.  The  loss  in  all  feeders  is  made  the  same, 
and  the  dynamo  is  operated  at  a  higher  voltage  than  the 
lamps  will  stand,  with  the  intention  of  losing  a  definite 
amount  before  the  lamps  are  reached.  It  is  important  that 
the  voltage  at  the  lamps  should  never  exceed  that  for  which 
they  are  intended. 

2.  Fig.  1  represents  a  factory,  such  as  a  wagon  works 
or  furniture  factory.  Only  the  outlines  of  the  buildings  are 
indicated.  The  dynamo  and  switchboard  are  located  at  D 
in  the  engine  room.  The  various  centers  of  distribution  are 
to  be  at  or  near  the  centers  of  the  various  floors.  A  sepa- 
rate pair  of  mains  is  to  be  run  to  each  distribution  center. 
Where  elevator  shafts  are  convenient,  they  are  used  to 
run  risers  to  the  upper  floors.  In  the  case  illustrated  there 
are  fourteen  pairs  of  feeder  wires,  each  pair  being  repre- 
sented by  one  line  in  the  figure. 

A  115-volt  dynamo  and  110-volt  lamps  are  to  be  used.  A 
loss  of  2  volts  is  to  be  allowed  in  the  distribution  wires  and 
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The  resistance  per  1,000  feet  of  these  feeders  required  to 
give  a  drop  of  3  volts  and  the  nearest  sizes  of  wires  obtain- 
able, are  calculated  as  follows: 

3 

Shop  A,  =    .461,  No.    6  has  .395  ohm  per  1,000  feet. 

3 

^^^P  ^y  o7^ T^  =  1.000,  No.  10  has  .999  ohm  per  1,000  feet. 

3 

S^op  C,  ^ r^  =    .882,  No.  10  has  .999  ohm  per  1,000  feet. 

3 

Shop  Z>,  — ^  =    .429,  No.    6  has  .395  ohm  per  1,000  feet. 

3.  This  method  of  calculating  required  sizes  of  wires  can 
be  applied  to  any  kind  of  wiring  for  any  practical  purpi>se; 
but  to  avoid  the  necessity  of  figuring  out  each  case,  wiring 
tables  have  been  prepared  by  which  the  proper  size  can  be 
determined  without  calculation. 


CALCULATION   OF  WIRE    SIZES   IN   TERMS  OP  RESISTANCE 

PER    1,000   FEET. 

4,  Calculations  based  on  resistance  per  1,000  feet,  such 
as  have  been  made  in  previous  examples,  may  be  put  in  the 
shape  of  a  formula  as  follows: 

_    e  X  1,000  J 

'"""2X  />X  C  ^    ^^ 

in  which  r,„  is  the  resistance  of  1,000  feet  of  the  wire  to  be 
used,  c  the  drop  in  volts,  D  the  distance  measured  in  feet, 
and  C  the  current  measured  in  amperes. 

For  example,  to  carry  10  amperes  GOO  feet  (GOO  X  2 
=  1,200  feet  of  wire)  with  3  volts  drop,  the  resistance  per 
1,000  feet  will  be: 

r^  =  -^.  Y^^^^  =  .250  ohm  per  1,000  feet. 
2  X  GOO  X  10  f        y 

No.  4  wire  has  about  this  resistance,  as  may  be  seen  by 
consulting  a  wire  table 
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6.     Wiring  Table  Giving  Distances  for  Drop  of  1  Volt. 

In  Table  I,  distances  in  feet  are  given  in  the  top  horizontal 
line.  Beneath  these  distances  are  columns  containing  num- 
bers that  designate  the  proper  size  of  wire  to  use  to  obtain  a 
drop  of  1  volt  when  the  wire  carries  the  current  given  in  the 
corresponding  line  in  the  left-hand  column. 

If  it  is  desired,  for  example,  to  find  the  size  of  wire  neces- 
sary to  get  a  loss  of  not  more  than  1  volt  with  20  amperes, 
and  a  distance  of  140  feet  (i.  e.,  two  wires,  140  feet  long, 
side  by  side),  we  look  under  140  and  to  the  right  of  20  and 
find  the  figure  2.  No.  2  wire  will  be  required.  If  it  is 
desired  to  find  the  wire  required  for  a  loss  of  2  volts  with 
20  amperes  and  a  distance  of  140  feet,  we  may  divide  the 
distance  by  the  loss  in  volts  and  use  the  table  as  before; 
i.  e.,  under  70  and  to  the  right  of  20  is  found  5.  No.  5  is 
the  proper  wire.  Or,  we  may  use  the  distance  given  and 
divide  the  current  by  the  number  of  volts;  i.  e.,  under  140 
and  to  the  right  of  10  is  found  5.  The  table  is  sufficiently 
accurate  for  all  practical  purposes.  Where  very  great 
exactness  is  desired,  it  is  better  to  calculate  the  lines.  For 
the  smaller  sizes  in  this  table,  the  nearest  even  sizes  of  wire 
are  given  because  the  odd  sizes  are  not  ordinarily  used. 


CAL.CULATIOX  OF  WIRES  IX  TERMS  OF  CIRCULAR  MILS. 

6,  In  the  table  of  Safe  Carrying  Capacities  (Part  1),  the 
wires  are  listed  both  by  number  (B.  &  S.  gauge)  and  by 
circular  mils.  Cables  having  no  B.  &  S.  gauge  number 
are  listed  by  circular  mils  only.  Large  cables  of  any  desired 
cross-section  in  circular  mils  are  made  to  order  by  all  the 
leading  manufacturers  of  insulated  wires. 

It  is  often  more  convenient  to  calculate  the  size  of  wires 
or  cables  in  terms  of  circular  mils  than  in  terms  of  resist- 
ance per  1,000  feet ;  and  calculations  in  terms  of  circular  mils 
are  applicable  to  wires  or  cables  of  any  size  or  shape.  A 
mil  is  another  name  for  j(,Vo  i^ch. 

A  round  wire  1  mil  in  diameter  has  a  cross-section  of 
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1  olronlar  mil.  A  copper  wire  1  mil  (mVi  inch)  in  diameter 
and  1  foot  long  (1  inll-footi  has  a  resistance  of  10.8  ohms; 
or,  1  mil-foot  of  pure  copper  has  10.8  ohnis  resistance  at  75°  F. 
A  wire  2  mils  in  diameter  has  a  section  of  4  circular  mils 
(abbreviated  4  C.  M.);  3  mils  in  diameter,  9  circular  mils; 
4  mils,  16  circular  mils;  5  mils,  35  circular  mils;  jr  rails, 
x"  circular  rails.  T/ie  circit/ar  ntils  eross-scction  of  any 
round  wire  is  equal  to  the  square  of  its  diameter  in  mils. 
The  circular  mils  of  any  conductor  of  other  shape  are  equal 
to  its  area  in  square  mils  multiplied  by  1.373  or  divided  by 
.7^54.  For  instance,  the  circular  mils  of  0000  wire  (diam. 
=  4(>0  mils)  =  400"  =  311, «00  circular  mils,  while  a  bar  of 
copper  i:  inch  by  J  inch  (250  mils  by  500  mils)  has  a  section 
of  250  X  500  =  125.000  square  rails  or  250  X  500  X  1.273 
=  159,125  circular  mils. 


7.  If  the  length  in  feet  of  a  win 
area  in  circular  mils,  tte  resistance  i 
mined  by  the  formula 

^_Z  X  10.8 
cir.  mifs  ' 
In  this  formula,  L  must  be  the  total 
Also,  since  the  drop  c  in  a  circuit  is 


is  known  and  also  its 
ay  at  once  be  deter- 


eugthof  wirein/f^/. 
iijual  to  the  current  C 


Drop  (■ 


C  X  I.  X  10.8 


(3.) 


if  the  drop  is  j^iven  and  we  are  required  to  find  the  size  of 

ire  to  give  thisdrop,  we  may  put  formula  3  in  the  form 

Cx  LX  10.8 


Cir.  mils  —  - 


(*•) 


In  these  formulas  /,  is  the  total  Icnjjth  of  the  circuit,  i.  e., 
tile  distance  to  the  lamps  and  back  again.  If  the  distance  to 
the  lamps,  one  way,  is  called  D,  we  may  put  formula  4  in  the 


lils  - 


<r 


/' 
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8.  This  last  formula  will  generally  be  found  as  useful  as 
any  that  can  be  given  for  interior-wiring  calculations.  It 
will  be  well  to  commit  it  to  memory,  because  one  does  not 
always  have  a  wiring  table  at  hand  when  calculations  are  to 
be  made  and,  besides,  calculations  have  often  to  be  made 
that  are  beyond  the  range  of  the  tables.  It  can  be  applied  to 
any  two-wire  system  or  to  the  three-wire  system,  as  illustrated 
by  the  following  examples: 

Example  1. — By  means  of  formula  6,  calculate  the  size  of  wire 
necessary  to  supply  80  16  c.  p.  lamps  situated  at  a  distance  of  200  feet 
from  the  center  of  distribution.     The  allowable  drop  is  to  be  3  volts. 

Solution. — We  have  D  —  200  and  ^  =  3.  Each  16-candlepower 
lamp  will  take  about  \  ampere ;  hence,  C  =  40. 

Cir.  mils  =  ^^-^  X  f>  X  40  =  57,000. 

or  between  No.  2  and  No.  3  B.  &  S.     No.  2  wire  would  likely  be  used. 

Example  2. — Calculate  the  size  of  wire  necessary  to  supply  100  lamps 
on  a  110-220-volt  three-wire  system.  The  distance  from  the  center  of 
distribution  to  the  lamps  is  250  feet  and  the  drop  on  each  side  of  the 
system  is  not  to  exceed  3  volts.  The  lights  are  supposed  to  be 
balanced,  50  lamps  on  each  side. 

Solution. — The  simplest  method  of  solving  this  problem  is  to  treat 
it  as  if  it  were  a  two- wire  system  and  use  formula  6.  Each  pair  of 
lamps  will  take  \  ampere;  hence,  the  current  in  the  outside  wires, 
when  all  the  lamps  are  burning,  will  be  i^  =  25  amperes  instead  of 
i-Jfi  =  50  amperes,  as  it  would  have  been  if  a  two-wire  system  were  used. 
The  allowable  drop  on  each  side  of  the  circuit  is  3  volts ;  hence,  the 
total  drop  in  the  outside  wires  will  be  6  volts.     We  have,  then, 

_.         ..        21.6X25X250      „  _^ 

Cir.  mils  = 5 =  22,500. 

o 

A  No.  6  wire  will  be  large  enough  and  also  would  most  likely  be 
installed  for  the  neutral. 

The  same  method  may  be  used  for  a  220-440-volt  three- 
wire  system,  except  that  in  estimating  the  current,  allow 
about  .3  ampere  for  each/rt:/r  of  lamps  instead  of  .5  ampere, 
as  in  the  previous  case. 

9.  Estimation  of  Current  Required  by  Xjamps. — As 

previously    mentioned,    it  is   customary  in  estimating   the 
current  taken  by  lamps  to  allow  about  ^  ampere  for  each 
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110-Volt  Ifi-candlepower  lamp,  and  others  according  to  the 
values  given.  The  most  accurate  way,  however,  is  to  figure 
the  current  from  the  total  watts  supplied  and  the  known 
voltage.     For  a  two-wire  system  the  current  is  asfollows: 

„  number  of  lamps  X  watts  per  lamp  ,_  , 

Current  = .-  -^ — —. — *-.  (6.) 

voltage  at  lamps  ' 

For  a  balanced  three-wire  system 

number  of  lamps  X  watts  per  lamp  ,_  . 

tlurrent  =  —r- ^^— ^-j ^-^-"n — ^—-  ('•) 

voltage  between  outside  wires  at  lamps 

These  formulas  are  general  and  apply  to  lamps  of  any 

efficiency. 


CALCUIIATIONS  FOH  ALTERNATIXG  CITRBEST. 

10.  For  ordinary  two-  or  three-wire  work  with  alterna- 
ting current,  calculations  may  be  made  in  the  same  way  as 
for  direct  current.  When  wiring  is  done  in  conduit,  the  two 
wires  should  be  run  in  the  same  conduit,  otherwise  inductive 
tfft^cts  will  gfL-atly  n-duce  the  voltage  at  the  lamps.  With 
onlinaryupcn  wiring,  the  induced  counter  E.  M.  F.  is  not 
usually  large  enough  tn  prodvice  any  noticeable  effects, 
especially  when  the  Inad  cc.nsisls  whr.lly  i.f  lamps. 

1  1.     Ciilc-ulHtlon  of  Lines  for  J'lirco-IMias-e  Uf^litlnff 

:MiiIns.— If  lights  only  are  ojierated  on  a  balanced  three- 
pliasc  tlirer-wire  sysli'ni,  the  following  fiirmula  may  be  used 
tn  determine  the  cross- section  of  the  lines: 

Cir....,,,:,.,"--^';--",  (8.) 

where     II'  —  inial  iHunlicr  of  watts  supplied; 

/)  =  distance  in  feet  to  distributing  center; 
/:  =  voltage  at  lamps; 

E.'t.VMPr.n.— TKrtc  Immlrtd  ll!-c;intilepi>wer  .'i.Vivatt  lamps  are  to  be 
<i|HT;iteil  '.11  Iht  IhrLC-iihase  sysli^m  at  n  (listaiict-  of  KM)  fc-L-t  fr.ini  the 
source  ol  supply.     The  K.  M.  R  between  any  twu  lines  at  the  lamps  is 
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to  be  110  volts,  and  the  drop  in  the  line  must  not  exceed  3  volts;  find 
the  size  of  wire  required. 

Solution.—      IV  =  800  x  55,  ^5"=  110,  ^r  =  8,  Z?  =  100; 

hence.  Circular  mils  =  — '■ ^      ^. =  54,000, 

IIU  X  " 

or  about  No.  8  B.  &  S.  wire.     Ava>. 

In  this  example  the  lights  will  be  divided  equally  between 
the  three  phases,  i.  e. ,  100  lights  on  each  phase.  Formula  8 
may  also  be  used  for  a  four-wire  two-phase  system,  but  in 
this  case  four  wires  are  needed  as  against  three  wires  in  the 
three-phase  system. 

The  current  in  each  line  of  the  balanced  three-phase  sys- 
tem will  be 

W 

^=^'X1.73'  ^^'^ 

where  Wi^  the  total  number  of  watts  supplied;  i.  e.,  three 
times  the  watts  on  one  phase. 

For  a  four-wire  two-phase  system,  the  current  in  each 

wire  will  be 

W 
C==iJ,  (10.) 

because  this  is  practically  equivalent  to  two  ordinary  single- 
phase  systems,  each  carrying  half  the  load. 


O TIIEll  FORMS  OF  WIRING  TABIiES. 

12.  Before  we  leave  the  subject  of  wire  calculations,  the 
attention  of  the  student  is  called  to  the  fact  that  there  are 
other  methods  of  arranging  wiring  tables  than  that  given  in 
Table  I,  for  it  is  easy  to  produce  several  arrangements  of 
the  same  matter.  The  table  that  one  is  most  accustomed 
to  use  seems  the  simplest.  Tables  calculated  for  incandes- 
cent lamps,  instead  of  for  amperes,  are  useless  for  general 
work  and  should  not  be  used  for  calculating  wiring  for 
lamps,  unless  it  is  known  that  the  efficiency  of  the  lamps 
on  which  the  table  is  based  is  the  same  as  that  of  the  lamps  to 
be  used. 
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Table  II  is  very  convenient  because  it  gives  the  distance 
exactly  corresponding  to  the  required  drop.  To  use  it, 
divide  the  number  of  amperes  transmitted  by  the  number 
of  volts  drop  desired.  Find  the  nearest  number  to  this 
result  in  the  line  of  amperes;  below  this  find  the  distance  in 
feet  most  nearly  corresponding  to  the  given  distance;  to  the 
left  of  this,  in  the  column  of  wire  sizes,  is  given  the  number 
of  the  required  wire. 

For  example,  to  find  the  size  of  wire  to  transmit  15  am- 
peres 140  feet  with  3  volts  loss,  divide  15  by  3  and  find 
the  quotient  5  in  the  line  of  amperes.  In  the  column 
below,  we  find  the  nearest  distance  153,  and  to  the  left  of 
this  the  size  of  wire  required,  No.  8. 

13.  Probably  the  most  convenient  of  all  methods  of  cal- 
culation, after  one  is  accustomed  to  using  it,  is  the  graphical 
method,  in  which  amperes  and  distances  are  laid  off  at  right 
angles  to  one  another,  and  the  wires  corresponding  to  differ- 
ent values  of  these  quantities,  for  the  loss  of  1  volt,  are  rep- 
resented by  curved  lines.  Figs.  2  and  3  are  diagrams  of  this 
kind.  Notice  that  every  wire  curve  fs  dotted  for  a  short 
distance  for  currents  larger  than  the  maximum  allowed  by 
the  Underwriters'  rules  for  that  size  of  wire.  In  determining 
the  size  of  wire  from  these  diagrams,  do  not  use  the  dotted 
portions  of  the  curves.  If  a  point  should  come  near  one 
of  the  dotted  sections,  use  the  next  larger  size  of  wire. 

To  use  such  a  diagram,  find  the  point  where  the  lines  rep- 
resenting amperes  and  given  distance  intersect,  and  take  the 
wire  indicated  by  the  wire  line  nearest  this  point.  Unless 
the  wire  line  is  very  close,  take  the  larger  wire  of  the  two 
lines  on  each  side  of  the  intersection  point. 

For  example,  to  find  the  wire  required  for  7  volts  loss 
in  a  distance  of  125  feet,  with  21  amperes,  we  divide 
21  by  7,  which  gives  3;  where  the  line  of  3  amperes  inter- 
sects the  line  of  125  feet,  we  are  between  the  lines  repre- 
senting No.  10  and  No.  12  wire.  The  point  lies  about 
midway  between  the  two  curves,  and  hence  we  use  the 
larger  size  of  wire,  No.  10. 


S     S     S    S     8 


be  borne  in  mind  th:it  lamps  burning  on  lower  voltages  t 
110  take  more  current,  and  those  burning  on  higher  H 
ages  take  less  current.     An  ampere  per  lamp  far  ( 
lamps,  i  ampere  jier  lamp  for  104-  or  llO-volt  lamps,  I 
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the  percentages  of  drop  given  in  the  left-hand  column.  For 
example,  a  drop  of  5  per  cent,  on  a  voltage  of  150  would 
give  7,5  volts. 

TAflua  in. 


1 

Line  Voltages. 

s 

S2 

11)4 

110 

!50 

220 

250 

tt 

1 

.63 

1.04 

1.1 

1.5 

3.2 

2.5 

3 

1.04 

2.08 

3,2 

li.O 

4.4 

5,0 

3 

1.56 

3.13 

3.3 

i.S 

G.G 

7.5 

6 

5i.60 

5.20 

6.5 

7,5 

11.0 

13.6 

7 

3.B4 

7.2!* 

7.7 

10.5 

15,4 

17.5 

10 

£.20 

10,  io 

11.0 

15,0 

23.0 

26.0 

15 

r.80 

15.  (lU 

HI.  6 

32,5 

33.0 

37.5 

FUSE  PROTECTION   FOR  CO XI>1'( TOILS    IN    >HI/riI>I,E. 

15.  It  is  frequently  desirable  to  run  Iwo  or  more  small 
wires  in  multiple,  instead  of  one  larjjc  wire  or  cable,  either 
for  convenience  in  handling  the  wires,  to  obtain  a  certain 
carrying  capacity  with  the  use  of  less  copper,  to  use  material 
that  happens  to  be  at  hand,  or  for  other  reasons.  When 
two  or  more  wires  are  run  thus  and  are  connected  together 
at  their  ends,  separate  fuses  must  be  [ilaccd  in  scries  with 
each  wire,  and  not  one  fuse  for  all  the  wires  in  multiple. 

Fig.  4  (rt)  and  (/i)  illustrates  the  correct  and  the  incorrect 
methods  of  connecting  such  cables.  Multiple  conductors 
of  this  kind  may  sometimes  bo  used  to  advantage  in  over- 
hauling or  remodeling  old  work,  where  the  wires  originally 
installed  are  too  small,  and  in  wirinj;  an  old  building  by  the 
use  of  molding,  where  large  wires  cajinot  be  handled  with- 
out defacing  the  wails. 
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For  convenience  in  comparing  the  conductivities  of  wires, 
Table  IV  is  given.  As  an  illustration,  it  is  seen  from  the 
table  that  instead  of  a  single  No.  2  wire  we  might  use  four 
No.  6  wires ;  two  No.  5 ;  four  No.  8 ;  etc.  Of  course,  noth- 
ing smaller  than  No.  14  can  be  used  for  interior  wiring. 


I 


A^/O  Wfres  £4  Am^r^'S  eac/f  or /ess. 


rTo0ra/fc/flirtes       SOAm^re  ruaesfo 
\  a/H/  larn^  pro/set  M^/0\^irgs. 

(a) 

/^9/owtres, 


\ 


r^  65 Ampere /use  or 
J  f4ss  to  protect 
\  /\/94  Wire. 


To  Sv^/te/f>card, 


I 


I 


63 Ampere /'ase. 


w 


Fio.  4. 


The  conductivity  is  directly  proportional  to  the  total 
cross-section  of  all  the  conductors  in  multiple,  and  the 
total  resistance  is  inversely  proportional  to  the  total  cross- 
section. 

16.  Circuits  of  several  wires  in  multiple  are  sometimes 
run  where  a  large  drop  in  voltage  is  not  objectionable,  but 
where  a  single  wire  small  enough  to  produce  that  drop  will 
not  carry  the  current  safely.  Two  or  more  small  wires  will 
safely  carry  more  current  than  one  large  wire  of  equivalent 
cross-section,  because  two  small  wires  have  a  greater  sur- 
face area  from  which  the  heat  can  escape  than  has  one  wire 
of  twice  the  cross-section.  For  instance,  suppose  it  is 
desired  to  run  wires  in  molding  to  secure  a  drop  of  4  volts 
with  65  amperes  over  a  distance  of  100  feet.  Calculating 
the  required  size  of  wire  by  means  of  Table  II,  we  see  that 
No.  5  will  give  the  required  drop.     But  No.  5  rubber-covered 
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wire  will  safely  carry  only  54  amperes,  while  65  amperes 
are  to  be  transmitted.  By  using  two  No.  8  wires,  which  are 
equivalent  in  cross-section  to  one  No.  5,  we  can  safely  carry 
the  current  with  the  specified  drop.  If  the  current  were 
still  greater,  we  could  use  one  No.  8  and  two  No.  10  wires 
with  about  the  same  results.  However,  such  arrangements 
to  secure  a  drop  are  only  used  in  emergencies  or  under 
special  conditions,  and  are  usually  only  temporary  expedi- 
ents. 

17.  Calculation  of  Wires  in  Multiple. — If  a  number 
of  wires  are  connected  in  multiple, 

^  =  7"+-  +  -+ etc., 

where  R  is  the  combined  resistance  of  the  wires  and 
r„  r„  r„  etc.  their  separate  resistances. 

To  apply  this  formula,  suppose  that  a  wireman  at  a  dis- 
tance from  a  supply  house  has  on  hand  a  large  amount 
of  No.  12  wire,  but  no  larger  wire,  and  that  he  desires  to 
run  mains  to  carry  a  current  of  40  amperes  150  feet  with 
3  volts  loss.  How  many  No.  12  wires  should  be  connected 
in  multiple  to  secure  this  result  ? 

Resistance  of  line  = —  =  A  =  -075  ohm. 

amperes        * 

The  total  length  of  line  =  150  X  2  =  300,  or  .3  thousand 

.075 
feet.      The    resistance    of    the   line    per    1,000   feet  =  '——- 

=  .25  ohm.  Now,  1,000  feet  of  No.  12  wire  has  a  resist- 
ance of  about  1.58G  ohms.  All  the  wires  in  multiple  are  to 
be  No.  12;  hence,  r,  =  r,  =  r,  =  1.580. 

Let  X  =  the  number  of  No.  12  wires  required ;  then  in  the 
formula  given  above,  we  have  R=  .25,  and  since  r^,  r^,  r,, 

111  V 

etc.    are    all   equal, 1 1 f- etc.    must   equal    .  '    ^.. 

r*r^r'  1.580 

13  9 

1  V 

Hence,  -—  =  '  ,  whence  x  =  Cy.3.  Six  No.  12  wires  in 
multiple  will  answer  the  purpose. 
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Let  us  take  another  example.  In  an  old  building,  wired 
with  too  much  drop,  it  is  desired  to  reenforce  the  mains  so 
as  to  reduce  the  drop  to  3  volts.  A  circuit  of  No.  8  wire 
carrying  20  amperes  a  distance  of  SOO  feet  is  to  be  reen- 
forced.     What  size  of  wire  should  be  used  ? 

Total  resistance  of  the  line  should  be  ^  =  .1  ohm.  Since 
this  line,  whose  resistance  is  to  be  .1  ohm,  is  400  feet  long 
both  ways,  then  the  resistance  per  1,000  feet  must  be 
.1  X  Yo"?  =  -'^5  ohm.  The  resistance  of  a  No.  8  wire  jwr 
1,000  feet  =  .637  ohm.  Let  r,  =  .027  and  r,  =  the  resistance 
per  1,000  feet  of  the  wire  required. 

Then  we  have,  by  substituting  in  the  formula  ^  =  — | — , 

1  1,11         1  1         «  .,     u 

—r~  =  -—rs  -\ or  ~  =   -rz --7=  =  3.41 ;  hence,  r,  =  .415. 

.36      .fi37^  r,      r,      .35      .037  ' 

A  No.   (J  wire  of  which  the  -resistance  is  ,3U4  ohm  per 

1,000  feet  most  nearly  meets  this  requirement. 


» 


WIUIKO   IN"  DAMP  PLACES. 

18,     Where  wiring  is  done  in  damp  places,  special  pre- 
cautions must   be  taken  and  special    rules  observed.      The 
following  Underwriters'  rules  apply  to  this  work: 
Wires— 

/«  t/ii»i/<  placis,  such  as  br fiver ics,  sugar  houses, 
packing  houses,  stables,  dye  houses,  paper  or  pulp 
wills,  or  buildings  especially  liable  lo  moisture,  or 
acid,  or  other  fumes  liable  to  injure  the  wires  or 
their  insulation,  except  cohere  used  for  pendants : 

a.      Must    have    an    approved    rubber-insulating 

/'.  Must  be  rigidly  supported  on  non-combus- 
tible, non-absorptive  insulators  that  separate  the 
wire  at  least  1  inch  from  the  surface  wired  over, 
and  wires  must  be  kept  apart  at  least  ^A  inches  for 
voltages  up  to  ;((»)  and  4-  inches  for  higher  voltages. 

RiHul  suiijMirtinir  rci|iiiri>«  iiiidcr  ordinary  conditions, 
whtTO  wiriri);  uvir  flat  siirfaei-s,  siijiport-s  at  least  every 
4i  fei^l.     H  llw  tiixiii  art;  liubli;  to  bi;  disturbed,  the  distance 
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between  supports  should  be  sbocicned.^  In  boilduigs  of  mSl 
COiutnictioR  mains  of  So.  8  B.  ft  Sl  wire  or  oyer,  where  not 
liable  to  be  disturbed,  mar  be  aepamted  abuot  4  iocfaei.  and 
run  from  timber  tn  limber,  not  breaking  around,  and  maj-  be 
supported  at  eadi  timber  oolj. 

C,      Must  have  no  joints  or  splices. 
Sockets. — 

a.  In  rooms  where  inflammable  g;ases  may  exist, 
the  incandescent  lamp  and  socket  mu^t  be  enclosed 
in  a  vapor-tight  globe  and  suppurted  on  a  pipe 
hanger,  wired  with  apprcntd  rubber-covered  wire 
soldered  directly  to  the  circuit. 

b.  In  damp  or  wet  places  or  over  specially 
inflammable  stuff,  waterproof  sockets  must  be  used, 

^Vhen  waterproof  stickeu  arc  used.  Ibcir  should  be  hunt; 
by  separate  stranded  rubbof-ci>vered  wires,  not  smaller 
than  No.  14  B.  &  S..  which  should  preferably  be  twisted 
together  when  the  drop  is  over  3  feet.  These  wires  should 
be  soldered  direct  to  the  drciiit  wires,  but  supported  inde- 
pendently of  them, 

"19.  Fig.  5  shows  a  waterproof  globe  for  use  where 
inflammable  gases  may  exist.  In  wiring  damp  cellars,  it  is 
uspeciaily  desirable  to  have  the  lamps 
divided  among  several  small  circuits, 
so  that  the  blowing  of  a  fuse  will  not 
put  out  many  lamps.  In  such  work, 
rnsettes  should  never  be  used,  but 
the  drop  wires  should  be  soldered 
direct  to,  but  preferably  not  sup- 
ported by,  the  line  wires,  and  the 
joints  should  be  thoroughly  wrapped 
with  insulating  tape.  The  cut-outs 
should  be  placed  outside  the  cellars,  in 
a  dry  place  if  possible,  otherwise  they 
should  be  placed  in  waterproof  boxes, 

20,  Hiibber-Covered  Wire. — In 
all  kinds  of  work,  except  open  work 
in  dry  places,  rubber-covered  wire  must 
be  used.  The  "Underwriters  require 
it  to  comply  with  the  following  speci- 
ncatiotu: 
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Riibln'i^Coverert  iyi>^ 

a.      Copper  for  conductors  itiust   be   thoroughly 
tinned. 

Insulation  fer  voltages  between  0  and  600: 

/>.      Must  be  of  rubber  or  other  approved    sub- 
Stance  and  be  of  a  thickness  not  less  than  that  given 
in  the  following  table  for  B.  &  S.  gauge  sizes: 
From  18  to  16,  inclusive,  ^i' 

8,  inclusive,  ^' 


From 


14  to 
From  7  to  U,  inclusive,  jV 

From  1  to  0000.  inclusive,  ^' 

From        001)0  to     500,000,  C.  M.         ^' 
From  500,000  to  1,000.000,  C.  M.  ^Y 

Larger  than  1,000,000.  C,  M.  j' 

Measurements  of  insulating  wall  are  to  be  made 
at  the  thinnest  portion. 

c.  The  completed  coverings  must  show  an  insu- 
lation resistance  of  at  least  100  megohms  (100,000,- 
000  ohms)  per  mile  during  30  days'  immersion  in 
water  at  70'  F. 

rf.  Each  foot  of  the  completed  covering  must 
show  a  dielcctriL-  strength  sufficient  to  rc-sist 
throughout  5  minutes  the  application  of  ;;n  electro- 
motive force  of  3,000  volts  per  -j'j-  inch  thickness  of 
insulation  under  the  following  conditions: 

The  source  of  alternating  cler-in .motive  force 
shall  be  a  transformer  of  at  least  1  kilowatt  capac- 
ity. The  application  of  the  elc.tn>mntive  force 
shall  first  be  made  at  4,0110  volts  for  A  minutes  and 
then  the  voltage  inrrcascd  by  steps  of  not  over 
3,000  volts,  each  held  for  5  minutes,  until  the  rup- 
ture of  the  insulation  occurs.  The  tests  f.)r  dielec- 
tric strength  shall  be  made  on  a  sample  of  wire  that 
has  been  immersed  for  ^i  hours  in  water,  1  foot  of 

metal  trough,  one  of  the  transformer  terminals 
being  connected  to  the  copjter  of  the  wire  and  the 
other  to  the  met:il  of  the  tr.iugh. 


Tests  by  the  Underwriters  are  ma. 
the  various  manufacturers  fmm  time  t 
of  those  wires  that  are  acecpt[ilile,  a 
standard,  can  be  learned  from  ihem. 


on   the   pniducts  of 
•nmplying  with  this 
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CONCEAIiED    KNOB-AND-TUBE   WORK. 

21.  The  most  common  way  of  concealing  wires  in  a 
building  is  to  run  them  through  the  joists  between  the 
floors  and  ceilings  and 

through  studding  par- 
titions, and  to  insulate 
them  by  means  of  por- 
celain knobs  and  tubes, 
as  shown  in  Fig.  6. 
The  holes  should  not 
be  closer  together  than 
is  allowed  by  the  Un- 
derwriters* rules,  as 
given  below,  and  the 
tubes  should  fit  tight- 
ly in  the  holes.  When 
the  holes  are  not  hori- 
zontal, but  are  bored 
from  above  or  below 
obliquely,  the  tubes  should  be  put  in  with  their  hc^ads  c»n  ihn 
high  side,  so  that  they  cannot  fall  or  slide  c)ut ;  and  whvu 
tubes  are  placed  so  that  there  is  any  strain  upon  tlirni,  their 
heads  must  be  so  placed  that  the  tubes  cannot  slip.  IImIis 
should  be  bored  of  such  a  size  that  the  tubes  can  ))(:  itmrrl^d 
by  driving  lightly.  Do  not  make  the  holes  too  stnnll  ot 
there  will  be  danger  of  breaking  the  tubes.  Molr*;  U)\\^\  Im* 
bored  sufficiently  far  away  from  the  floors  and  rrilinj/^  \n  \n 
out  of  reach  of  nails  that  may  be  driven  into  the  johfq  nfh  f 
the  work  is  concealed.  Bushings  must  ])r.  lonj{  ^flo<|^h  \n 
reach  all  the  way  through  the  joists,  with  4  ifi<  h  proJM  f  joit 

22.  Where  wires  come  through  the  plaster  to  onflf  Iq  oi 
cut-outs,  they  must  be  protected  by  \fTo\Hr  bn«;hhf$/«5  or  oiii 
let  blocks.  Special  porcelain  fittings  havr-  f;#'*'ri  diqlj/hr^l 
for  this  purpose  by  several  maniifa^tnr^T*;  ('>»rH'i:;:  wof(» 
is  often  done  at  outlets,  with  the  r''«;iilt  th;if  /i  \nU  llhif  lo 
otherwise  well  put  up  will  show  jK/^^r  irr^ul/itiofi  'I  ),r  ^riMii- 
outlets  are  very  oftex;  u»ed  U>th  for  g^4  uiui  <»1m  im  H/,  nhti 
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if   the  wires  are  not  well   protected  when  brought   out, 

ground  on  the  gas  pipe  will  result. 

Fig.  7  sliows  the  method  of  bringing  out  the  wires 

using  curved,  porcelain  outlet  tubes.  The  tubes  are  boui 
firmly  to  the  gas  pipe  with  tape 
the  curved  ends  hold  the  wire  awai 
from  the  pipe.  Where  there  is  no 
gas  pipe,  plain,  straight  tubes  may  be 
used  if  they  arc  fixed  so  that  they  Wll 
51:,y  in  plr.cc.  Fig.  K  (»)  and  (( 
shows  two  methods  of  bringing  oi 
side  outlets  by  using  special  oul 
PioT  fittings      In  (rt)  the  outlet  tubes 

fastened  to   the   studding,  m  (h)  the  block  is  fastened 


"9 


the  lath.      In  bringing  out  wires  through  either  the  wallsa 
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ceilings,  see  that  there  is  no  danger  of  their  coming  in  con- 
tact with  gas  pipes  or  plaster. 

23.  For  running  wires  parallel  to  joists,  knobs  are 
generally  used  because  they  make  it  possible  to  keep  the 
wires  well  separated.  The  following  rules  apply  to  this  kind 
of  work: 

Wires — 

For  concealed  **  knob-and-tube  "  work  : 

a.  Must  have  an  approved  rubber-insulating 
covering. 

b.  Must  be  rigidly  supported  on  non-combus- 
tible, non-absorptive  insulators  that  separate  the 
wire  at  least  1  inch  from  the  surface  wired  over, 
and  must  be  kept  at  least  10  inches  apart,  and, 
when  possible,  should  be  run  singly  on  separate 
timbers  or  studding. 

c.  Must  be  separated  from  contact  with  the  walls, 
floor  timbers,  and  partitions  through  which  they 
may  pass  by  non-combustible,  non-absorptive  insu- 
lating tubes,  such  as  glass  or  porcelain. 

Rigid  supporting  requires  under  ordinary  conditions, 
where  wiring  along  flat  surfaces,  supports  at  least  every 
4^^  feet.  If  the  wires  are  liable  to  be  disturbed,  the  distance 
between  supports  should  be  shortened. 

When,  from  the  nature  of  the  case,  it  is  impos- 
sible to  place  concealed  wiring  on  non-combustible, 
insulating  supports  of  glass  or  porcelain,  an  approved 
armored  cable,  single  or  twin  conductors,  may  be 
used  if  it  is  installed  without  joints  between  outlets, 
and  the  cable  armor  properly  enters  all  fittings  and 
is  rigidly  secured  in  place;  or,  if  the  wires  are  not  . 
exposed  to  moisture,  they  may  be  fished  on  the 
loop  system  if  separately  encased  throughout  in 
approved  flexible  tubing  or  conduits. 

d.  Conduit,  even  when  used  in  connection  with 
concealed  knob,  tube,  and  conduit  work,  must  be 
continuous  from  outlet  to  outlet,  and  comply  with 
rules  covering  interior  conduits. 

e.  Must  at  outlets  for  combination  fixtures  (i.  e., 
fixtures  for  both  gas  and  electric  light)  be  bushed 
with  flexible  insulating  tubes  extending  in  con- 
tinuous lengths  from  the  last  porcelain  support  to 
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1  inch  beyond  ihe  outlet,  except  that  an  approved 
outlet  insulator  may  be  used.  At  outlets  whtrc 
there  are  no  gas  pipes,  either  this  class  of  construc- 
tion or  porcelain  tubes  may  be  used. 

An  armored  cable  will  rarely  I)e  required  in  connection 
with  concealed  knob-and-tube  work  in  a  new  building,  wherC^ 
everything  is  accessible;  but  in  an  old  building,  where  there- 


are  objections  to  tearing  up  floors  to  insert  wires,  it  may  be 
used  to  considerable  advantage.  Fig.  ft  shows  such  an 
armored  twin  conductor  suitable  for  this  purpose,  which 
means  that  it  complies  with  the  following  speciScations: 

Amioretl  Cable. — 

a.  The  armor  of  such  cables  must  be  at  least 
equal  in  thickness  and  of  equal  strength  to  resist 
penetration  by  nails,  etc.  as  the  armor  of  metal 
coverings  of  metal  conduits. 

b.  The  conductors  in  same,  single  wire  or  twin 
conductors,  must  have  a  rubber-Insulating  cover- 
ing; any  filler  used  to  secure  a  round  exterior  must 
be  impregnated  with  a  moisture  repellent,  and  the 
whole  bunch  of  conductors  and  fillers  must  have 
a  separate  exterior  covering. 

Such  cables  may  be  used  to  wire  buildings  witbout  1 
pofcelain  tubes  whatever,  as  the  insulation  required  h 
high;  but  the  system  requires  special  fittings  and  tools' 
installing  it  and  has  not  yet  come  into  very  extensive  i 
probably  on  account  of  its  expense. 

24.  The  protected  flexible  cord,  of  the  same  style,  fi 
very  convenient  article  to  use  in  wiring  offices,  banks,  i 
where  small  conductors  must  be  carried  bthind  desks  or 
fastened  to  iron  or  cabinetwork,  and  in  many  other  places 
where  ordinary  cords  will  aot  do  and  will  not  be  permitted. 
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35.  The  calculations  for  concealed  wiring  are  the  same 
as  for  open  work;  but  it  must  be  remembered  that  rubber- 
covered  wires  are  not  to  be  allowed  to  carry  as  much  current 
as  weather-proof  wires,  as  shown  by  the  Underwriters' 
Table  of  Carrying  Capacities. 


26.  ITse  of  Cabinets  ami  I'lmel  Bf»ar«l9. — For  concealed 
work,  the  closet,  or  enblnet,  system  uf  distribution  is  now 
universally  used.  In  this  method  of  wiring,  the  mains  are 
run  to  cabinets  or  panel  boards  set  in  the  wall,  and  from 
these  the  lines  running  to  the  lamps  are  distributed.  Many 
different  styles  of  these  panel  boards  are  manufactured,  and 
the  style  used  will  depend  largely  on  the  size  and  allowable 
cost  of  the  installation.  For  the  cheaper  class  of  work,  the 
cut-outs  may  be  grouped  together  and  placed  in  a  cabinet 
formed  in  the  wall.  This  cabinet  should  be  neatly  lined 
with  |-inch  asbestos;  and  where  the  wires  pass  into  and 
out  of  the  sides  or  bottom,  they  should  be  bushed  with 
porcelain  tubes.  A  neat  glass  or  asbestos- lined  door  should 
be  provided.  A  cabinet  made  in  this  way  is  inexpensive 
and  safe  and  meets  the  requirements  of  the  Underwriters. 
In  more  espensive  in- 
stallations, the  panel 
boards  are  made  of 
slate  or  marble  and 
the  sides  and  bottoms 
of  the  boxes  are  also 
of  slate  or  marble. 

Fig.  10  will  give  an 
idea  as  to  the  essential 
parts  of  a  panel  board. 
In  this  case  the  two 
wires  are  run  in  a 
conduit.  The  box  is 
mounted  in  the  wall 
and  consists  of  two 
compartments,  the 
inner     compartment 
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containing  the  panel  board,  and  the  outer  one,  or  gutter, 
as  it  is  sometimes  called.  All  tioxcs  are  not  provided  with 
this  gutter,  but  the  best  ones  are,  as  it  gives  a  convenient 
space  in  which  to  arrange  the  wires  in  case  they  should  not 
come  to  the  box  in  the  best  order  for  connecting  up.  The 
bos  is  made  of  slate  or  marble  slabs.  The  trim  around  the 
door  covers  the  gutter;  it  should  be  put  up  with  screws  so 
that  it  may  be  removed  if  necessary. 


The  mains  usually  pass  through  the  panels  vertically  and 
are  connected  to  bars  from  which  the  various  lamp  circuits 
branch  out  sidewise.  Fuses  are  inserted  in  each  side  o 
circuit,  and  switches  are  in  some  cases  also  pro 
though  frequently  the  panel  board  carries  fuses  only. 

Fig.  11  shows  a  panel  board  equipped  with  doubIe-p< 
switches.!  and  enclosed  fuses/!  Ten  branch  circuits  i 
accommodated  and  the  three-wire  vertical  mains  are  a 


slate  slabs  b.  The  panel  board  c  cnnatitutcH  tho  back  o?" 
the  box.  In  the  figure  the  openings  d  for  the  bnuiili 
circuits  are  arranged  to  take  conduits,  but  t  hr  minic 
style  o£  box  tan  be  provided  with  porcelain  birHliinif"  for 
wiring  done  on  porctrlain.  If  it  is  necriMiiry  to  tiuvc  n 
distributing  space,  or  gutter,  around  thr  cabinet,  it  U  t'ovrn-d 
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by  the  trim  e  projecting  around  the   box.     The   two-w 
vertical  mains  are  connected  to  terminals  g,  g  and,  ihroud 
the  main  fuses,  to  the  bars  /,  /.     Each  branch  circuit  I 
provided  with  fuse  terminals  and  a  knife  switch  h. 

Fig.  13  ((?)  shows  a  style  of  panel  board  that  usesaspeci 
kind  of  fuse  holder  that  serves  the  purpiise  of  a  switch  wh«|j 
it  is  desired  to  disconnect  any  circuit.     Panel  boards  usi 
combination  fuse  holders  have  been  adopted  quite  largela 
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for  they  have  one  advantage  in  that  the  holder  may  ' 
entirely  removed  from  the  board  when  the  fuse  is  beifl 
replaced,  or  another  reserve  holder  may  be  put  in  instead.d 
the  one  removed.  Fig.  \Z  (*)  shows  one  of  these  holdef 
It  is  held  in  place  by  the  clips  b,  b'  that  rccei 
blades  a,  a'.  Fig.  14  shows  a  plain  two-wire  bi>ard  for  ifA 
branch  circuits;  it  is  equipped  with   Edison  fuse  plugs  i 
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has  no  switches.  The  above  will  give  a  general  idea  as  to 
the  construction  of  these  boards.  They  are  made  in  all 
sorts  of  combinations  and,  in  fact,  are  usually  made  to 
order   for   any  given   job.     In   large  wiring   systems,   the 
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design  of  the  cut-out  closets,  or  cabinets,  is  a  matter  of 
great  importance,  and  the  location  of  these  closets  is  equally 
important ;  they  should  be  placed  in  a  position  where  they 
can  be  readily  reached. 

28,     The  following  Underwriters'  rules  relate  to  cut-out 
cabinets: 

Ciit-Out  Cabinets — 

Must  be  so  constructed  and  cut-outs  so  arranged 
as  to  obviate  any  danger  of  the  melted  fuse  metal 
coming  in  contact  with  any  substance  that  might 
be  ignited  thereby. 

The  following  specifications  should  be  followed: 

Material. — 

a.  Boxes  may  be  of  marble,  slate,  or  wood.  If 
wood  is  used,  the  inside  of  the  box  must  be  lined 
with  non-combustible  material,  such  as  slate  or 
asbestos  board.  If  asbestos  board  is  used,  it  must 
be  at  least  \  inch  in  thickness,  must  be  neatly  put 
on,  and  firmly  secured  in  place  by  shellac  and  tacks. 

Door. — 

b.  The  door  must  close  against  a  rabbet,  so  as 
to  be  perfectly  dust-tight.  Strong  hinges  and  a 
strong  hook   or  catch  are  required.     Glass  doors 
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must  he  glazed  with  heavy  plate  glass,  not  less  than 
A  inch  in  thickness  and  panes  not  to  exceed  1  foot 
m  width.  A  space  of  several  inches  should  be 
allowed  between  the  fuses  and  the  door,  especially 
when  glass  is  used.  This  is  necessary  to  prevent 
cracking  or  breaking  by  the  severe  blow  and  intense 
heat  that  may  be  produced  under  some  conditions. 

c.  Bushings  through  which  wires  enter  must 
tightly  fit  the  holes  in  the  box  and  must  be  of 
approved  construction. 

Wires  should  tightly  fit  the  bushings,  tape  being 
used  to  build  up  the  wire,  if  necessary,  so  as  to 
keep  out  the  dust. 


WIRING  A    I>WEI.I>lNO  HOUSE. 

39.  In  laying  out  the  wiring  for  a  dwelling  house,  the 
first  thing  to  do  is  to  select  a  place  to  locate  the  cut-out 
cabinets.  In  many  dwelling  houses,  only  one  cut-out  cabi- 
net may  be  necessary,  but  in  houses  designed  to  be  occu- 
pied by  more  than  one  tenant,  a  cut-out  cabinet  should  be 
installed  for  each  tenant.  In  large  houses,  it  is  often  con- 
venient to  have  a  cut-out  cabinet  on  each  floor,  with  vertical 
mains  running  through  them  from  the  top  to  the  bottom  of 
the  house.  If  only  one  distributing  point  is  used,  it  should 
be  cither  in  the  cellar  or  attic  and  risers  run  to  the  different 
flours.  If  it  is  known  that  the  wires  are  to  enter  the  build- 
ing in  the  cellar,  then  the  distributing  center  should  he 
located  there ;  if  the  wires  enter  in  the  attic,  the  distributing 
point  should  be  located  there.  This  assumes  that  verti- 
cal risers'are  run  from  the  distributing  center  to  feed  the 
various  floors.  In  case  a  single  pair  of  vertical  mains  is 
used  with  the  circuits  branching  off  on  each  floor,  the  mains 
may  be  run  from  the  top  to  the  bottom  of  the  house  and  the 
current  supplied  from  either  end. 

3<).  No  matter  what  arrangement  is  adopted  for  dis- 
tributing the  current,   the  distributing  centers,    or  cut-out 
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cabinets,  should  be  in  or  near  a  partition  that  is  located  so  as 
to  make  the  running  of  risers  easy.  They  should  also  be  as 
near  the  center  of  the  building  as  possible  and  on  an  inside 
wall,  so  as  to  guard  against  dampness. 

31.  Figs.  15  and  16  show  two  floors  of  a  typical  dwell- 
ing The  distributing  points  are  located  in  the  hallway 
near  the  center  of  the  house.  It  is  usually  advisable  to 
locate  the  cut-outs  in  a  hallway,  if  possible,  because  such 
location  is  generally  central  and  easy  to  get  at.  The  various 
branch  circuits  on  the  plans  are  indicated  by  single  lines, 
although  each  line  represents  two  wires.  The  wiring  is 
supposed  to  be  done  on  the  ordinary  concealed  knob-and- 
tube  system.  The  circuits  are  arranged  so  that  there  will  be 
not  more  than  10  lights  on  any  one  circuit.  Switches  are 
placed  on  the  side  walls  as  shown  at  s.  The  switch  for  con- 
trolling the  hall  lights  should  be  placed  at  some  convenient 
point  near  the  door,  so  that  the  lights  may  be  turned  on 
when  entering  the  building.  It  is  sometimes  convenient  to 
have  another  switch  at  the  head  of  the  stairs  for  controlling 
the  hall  light,  so  that  the  light  may  be  turned  on  or  off  from 
either  above  or  below.  This  requires  the  use  of  three-point 
switches,  and  the  connections  necessary  will  be  explained 
later.  In  the  plans,  double-pole  switches  are  indicated. 
Single-pole  switches  may,  however,  be  used  when  not  over 
660  watts  are  controlled.  They  are  cheaper  to  install  than 
the  double-pole  switches. 

33.  ILaytng:  Out  Circuits.— In  laying  out  the  various 
branch  circuits,  the  first  thing  to  do  is  to  locate  the  lights  on 
the  plan  and  then  group  these  lights  for  the  different  cir- 
cuits, so  that  there  will  not  be  more  than  10  or  12  lights  on 
each  one.  After  this  is  done,  the  lines  may  be  marked;  in 
doing  this,  due  regard  should  be  given  to  the  direction  in 
which  the  joists  run,  so  that  the  wire  may  be  put  in  with  as 
little  boring  and  cutting  as  possible.  Run  parallel  to  the 
beams  wherever  it  can  be  done,  even  if  it  does  take  a  little 
more  wire.     The  best  time  to  wire  the  building  is  after  the 
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floorbeatns  and  studding  are  in  place,  but  before  any  lath- 
ing or  plastering  has  been  done.     In  Fig.  15,  four  circuits 


are  provided,  all  terminating  in  the  cut-out  cabinet  tn  the 
hall,  where  they  are  attached  to  the  vertical  mains.     For 
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the   second   floor,    Fig.    10,    three   circuits    are    sufficient. 
No.  14  wire  is  used  for  all  these  circuits.      It  will  be  found 


that  No.  14  wire  (the  smallest  that  the  Underwriters  allow) 
is  large  enough  for  any  of  the  branch  circuits  met  with  in 
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ordinary  house-wiring  work.  The  number  of  lights  per  cir- 
cuit is  small  and  the  distances  short,  so  that  No.  14  wiJl 
carry  the  current  with  but  a  small  drop  in  voltage.  This 
assumes  that  from  100  to  110  volts  pressure  is  to  be  used. 
If  53  volts  is  the  pressure  of  the  supply,  it  is  best  to  figure 
out  the  drop  fur  each  circuit.  In  most  cases,  it  will  be  found 
advisable  to  use  No.  13  wire.  On  new  work  52  volts  is  sel- 
dom used,  and  in  fact  in  work  already  installed,  electric- 
light  companies  are  changing  the  lamps  over  to  104  or 
110  volts.  In  nearly  all  cases,  therefore.  No.  14  wire  (rub- 
ber-covered for  this  kind  of  work)  is  sufficiently  large  for  the 
branch  circuits. 

33.  The  Mains. — If  vertical  mains  are  used,  the  cur- 
rent that  they  will  carry  will  be  less  at  one  end  than  at  the 
other,  because  current  is  taken  off  at  the  different  floors. 
It  is  usually  advisable,  however,  to  make  the  mains  the 
same  size  all  through  an  ordinary  house,  because  it  costs 
but  little  more  and  enables  the  current  to  be  supplied 
from  either  end.  Of  course,  in  large  buildings  it  would 
not  pay  to  do  this.  In  large  buildings  it  is  customary  to 
have  a  number  of  risers  feeding  different  sections  of  the 
building,  all  of  which  run  to  a  common  distributing  point, 
usually  located  in  the  basement.  The  mains  must,  of 
course,  be  designed  to  carry  the  current  in  accordance 
with  ihe  Underwriters'  requirements  or  to  limit  the  drop 
t<i  the  allowable  amount  if  the  wire  required  by  the  Under- 
writers will  give  too  much  drop.  In  the  house  under  con- 
sideration, suppose  wc  have  a  total  of  (10  lamps.  The 
current  in  the  mains  will  then  be  :J0  amperes,  and  we  will 
need    at    least   a    No.    S   wire    to  satisfy   the   Underwriters' 

liy  referring  to  Table  II,  it  is  found  that  No.  8  wire  will 
carry  :10  amperes  a  distance  of  -.Jf)..')  feet  with  a  drop  of  1  volt. 
For  a  building  of  this  kind,  the  drop  from  the  point  where 
the  current  enters  the  building  to  the  lamps  should  not 
exceed  'i  to  2..')  volts.  The  drop  in  the  branch  circuits  will 
be  very  small,  but  it   would  be  advisable  to  put  in  No.  6 
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mains,  as  the  difference  in  first  cost  will  be  but  little.  It  is 
the  usual  practice  to  make  the  mains  of  liberal  cross-section. 
For  a  house  of  this  size  No.  4  would  often  be  used,  although 
it  does  not  need  to  be  as  large  as  this  so  far  as  drop  is 
concerned. 

34,  Main  Switcli,  Cut-Out,  and  Meter. — At  a  con- 
venient point  near  the  place  that  the  wires  enter  the  build- 
ing, a  main  cut-out  and  switch  must  be  placed, as  required  by 
the  Underwriters.  The  cut-out  should  be  placed  nearest 
the  point  of  entry,  the  switch  next  to  it,  and  the  meter  last. 
Never  permit  the  meter  to  be  installed  between  the  switch 
and  the  cut-out,  as  in  that  case  it  may  register  a  small 
amount  each  day,  even  if  the  switch  be  open.  It  is  best  to 
use  a  knife-blade  switch  at  the  entrance  to  the  building,  and 
this  switch  should  be  so  placed  that  when  opened  it  will  not 
tend  to  fall  closed  of  its  own  accord. 


7b  Street 


A^a/rt  /u^e^/oc/c. 


To  House  Wiring. 


Pig.  17. 


The  best  arrangement  of  the  wires  for  the  meter  will 
depend  to  some  extent  on  the  type  of  meter  used.  In  a 
great  many  cases,  however,  the  wires  enter  the  left-hand 
side  of  the  meter  and  pass  out  at  the  right.  Fig.  17  repre- 
sents a  typical  arrangement  of  main  fuses,  switch,  and 
meter. 

Most  recording  electric  meters  consist  of  a  small  electric 
motor,  the  revolving  part  of  which  turns  on  jeweled  bear- 
ings and  is  connected  to  a  train  of  gears  and  dials.  The 
motor  is  governed  by  means  of  retarding  devices,  so 
that  it  runs  at  a  speed  accurately  proportional  to  the  load. 
Some  meters  read  in  ampere-hours,  others  in  watt-hours. 
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Most  fjf  those  now  installed  read  in  watt-hours  and  are  pro- 
vided with  two  coils,  one  of  which  is  connected  in  series  with 
the  circuit,  like  an  ammeter,  and  the  other  across  the  circuit, 
like  a  voltmeter.  The  current  in  the  first  is,  therefore, 
equal  to  the  current  supplied,  and  the  current  in  the  second 
is  proportional  to  the  voltage.  The  force  tending  to  drive 
the  motor  is  proportional  to  the  product  of  the  two,  i.  e.,  to 
the  watts.  The  small  third  wire  running  into  the  meter, 
Fig,  17.  is  to  supply  current  to  the  potential  coil.  With 
ampere-hour  meters,  a  series  coil  only  is  used,  and  the 
speed  of  the  meter  is  proportional  to  the  current  and  not  to 
the  watts. 

The  voltage  of  a  lighting  system  is,  however,  practically 
constant,  so  that  the  watt-hours  may  be  obtained  by  multi- 
plying the  ampere-hours  by  the  voltage  without  serious 
error.  Reliable  meters  are  made  for  all  voltages  and  sys- 
tems and  for  alternating  or  direct  currents.  They  are 
accurate  to  within  H8  per  cent,  on  ordinary  loads,  but  are 
liable  to  be  out  as  much  as  5  per  cent,  on  small  loads,  and 
most  meters  will  take  a  certain  very  small  load  without 
turning  at  all.  However,  they  are  seldom  operated  under 
such  conditions. 

Sa.  Ill  new  buildings,  it  is  often  not  known  what  system 
of  electric  lighting  will  be  used  when  the  wiring  is  finished. 
Owners  also  desire  ([uile  frequently  to  be  able  to  avail 
themselves  of  any  advantage  iu  jirice  that  may  be  brought 
about   by  ("nipetilion    betwec-ii  different    svstems.       It    is, 
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Specifications  for  Concealed  Electric-Light  Wiring. 

For  52-,  110-.  or  22a-volt  systems. 


Distribution 
Closet. 


Circnits. 


Fuse  Blocks. 


Wires . 


Mains. 


A  distribution  closet  is  to  be  located  on  some 
inside  wall,  in  a  readily  accessible  place,  on  the 
second  floor  or  the  attic,  as  near  the  center  of 
the  building  as  possible. 

The  closet  must  be  lined  with  asbestos  J  inch 
thick  and  fitted  with  a  door  covered  on  the 
inside  with  asbestos  |  inch  thick. 

From  this  closet  separate  circuits  must  be 
run  to  the  outlets  in  such  a  manner  that  not 
more  than  eight  16-candlepower  incandescent 
lamps  shall  be  placed  on  any  circuit.  Wher- 
ever the  number  of  lamps  is  not  marked  on  the 
plans  or  otherwise  specified  as- greater  than 
here  required,  pendants  shall  be  considered  as 
intended  to  carry  four  lamps  each  and  brackets 
one  lamp  each. 

All  fuse  blocks  must  be  placed  in  the  distri- 
bution closet.  They  must  be  made  of  porcelain, 
must  have  a  breaking  distance  of  1^  inches,  and 
must  be  capable  of  standing  the  arc  caused  by 
the  breaking  of  a  10-ampere  fuse  on  a  220-volt 
short  circuit  without  cracking  the  porcelain. 
Both  sides  of  all  lines  must  be  fused. 

All  circuits  running  from  the  distribution 
center  must  be  of  No.  14  B.  &  S.,  or  larger, 
rubber-covered  copper  wire  of  a  make  accepted 
by  the  National  Board  of  Fire  Underwriters. 

From  the  distribution  closet  to  the  attic,  and 
also  to  the  basement,  a  pair  of  mains  must  be 
run,  the  size  of  which  will  depend  on  the  total 
number  of  lights  in  the  house,  as  follows: 


J    lih-^ 
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A  clitni  vvv.  two  sBcs  sBHtUer  than  these 
VBUdt.  tmBt  abv  be  rm  tmm  the  attic  to  the 
JaaLmtLML,  thrai^  the  ^aaSmtiuo  doset,  tu 
maSat  pooibfe  tike  Bse  of  the  three-Ttre  system. 
Wires  raimir^  paraBel  to  jvcsts  must  be 
faateocd  on  porccbio  knobft,  placed  on  diS^errat 
ciBhen,  and  kept  as  £u- apart  as  poeBibte.  In 
pmming  tbroash  jo*«tv  6oer^  and  other  wood- 
work, the  boles  must  be  boded  with  porcebin 
tabes,  which  mnst  extend  at  t^Mt  f  inch  thrnogh 
the  wood  and  be  su  arrafijted  that  their  weight 
win  ten]  t'.  krrp  ttirtn  in  place  rather  than  to 
cause  them  to  slip  out. 

All  wires  mu?t  be  kept  at  [east  ii  inches  away 
f  rr  -m  ■  ne  an^  ither.  ip.im  iras  i.>r  water  pipes,  iron 
beams.  be[!,  'T  annunciator  wires,  speaking 
tubes,  t'limaoc  pipes,  and  other  conducting 
materials,  except  a:  the  distribution  closet  and 
fixture  outlets.  Where  a  wire  must  cn>ss  any 
such  cmdiictini;  wire,  pipe,  or  material  with 
,    less  clearance,  it  nui^t  have  its  insulation  reen- 

forced  liv  a  pipn.-eUun  tube. 
I        P'.r.elain    tubes  (-r  nutlet   bk-cks)   must    be 
■    u-ic-il  at  '■utlets.      Special  care  must  be  taken  to 
insulate  from  the  >;as  pijie  at  outlets. 

TSrick  and  stone  walls  must  be  avoided  wher- 
ever possible.     Wherever  wires  pass  along  them, 
I    thty  must  be  encased  in  approved  conduit. 
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Main>Line 
Cnt-out  and 
Fuse. 


Inspection, 
Certificate, 
and 
Payment. 


There  must  be  supplied  and  installed  by  the 
contractor  a  main-line  cut-out  and  a  quick- 
break  switch,  both  double  pole,  to  be  located  in 
the  attic  at  the  end  of  the  feeder  lines.  These 
devices  must  be  approved  by  the  Underwriters 
as  capable  of  breaking  the  current  for  the  total 
number  of  lamps  wired,  at  either  52  or  220  volts. 
Knife  switches,  if  used,  must  be  so  connected 
that  they  open  downwards  and  the  blades  must 
be  **  dead  "  when  the  switch  is  open. 

The  contractor  must  notify  the  Under- 
writers* Association  of  the  progress  of  his  work 
in  time  to  have  a  thorough  inspection  made 
(two  days  before  work  is  concealed  at  least). 
He  must  secure  a  certificate  from  that  Asso- 
ciation stating  that  the  work  is  suitable  for  use 
on  52-,  110-,  or  220-volt  service,  two-  or  three- 
wire  systems,  before  any  payments  shall  be 
made  to  him. 


SWITCHES. 

36.  Switches  located  at  various  points  on  the  walls  of 
rooms  are  a  great  convenience  and  should  be  installed  on  all 
first-class  jobs  of  any  magnitude.  The  single-pole  snap 
switch  (for  not  more  than  660  watts)  is  the  simplest  and 
cheapest.  It  opens  one  side  of  the  circuit  only.  Next  in 
frequency  of  its  use  is  the  double-pole  snap  switch  for  larger 
chandeliers  or  groups  of  lights.  In  addition  to  these,  there 
are  a  number  of  special  uses  of  switches  to  allow  lamps  to 
be  controlled  from  two  or  more  points. 

37.  Control  of  LAmjps  From  Two  PolntH. — Fig.  IH 
{a)  and  {d)  shows  a  switching  arrangement  for  controlling 
the  light  or  group  of  lights  L  from  two  points  A  and  //. 
This  scheme  is  used  principally  in  halls  where  it  is  desired 
to  control  the  light  from  either  up  or  down  stairs.  It  requires 
two  three-point  switches  5,  S\  which  are  here  shown  as 
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simple  lever  switches.  There  are  a  rnimber  of  different 
makes  of  switches  for  this  purpose,  but  the  principle  of  all 
is  the  same,  though  the  mechanical  details  may  differ.  By 
comparing  the  diagrams  with  whatever  make  of  switch  he 
may  have  to  install,  the  student  should  have  no  difficulty  in 
getting  the  connections  correct.  By  examining  the  connec- 
tions, the  student  will  readily  see  that  the  lamps  L  may  Iw 
lighted  or  extinguished  from  either  point.     Either  method 


of  connection  (ij)  or  (/>)  may  be  used,  and  the  one  that  will 
be  most  convenient  in  any  given  case  will  depend  to  some 
e.ttent  on  the  general  layout  of  the  wiring. 

A  modification  of  this  arrangement  is  shown  in  Fig.  19  (a) 
and  {b).  In  this  case,  one  of  the  three-way  switches  is 
replaced  Iiy  a  three-way  socket.  By  using  a  three-way 
socket  on  the  fixture  in  connection  with  a  three-way  switch 
on  the  side  wall,  a  lamp  may  be  turned  on  or  off  either  at 
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3odtetney 


Mffin. 
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5ochet5mtch 


LJ 
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the  socket  or  at  the  switch.  Both  schemes  of  connection  (a) 
and  {p)  accomplish  the  same  result,  and  the  one  that  is  most 
convenient  in  any  case  ^^^ 

will  depend   consider-  T 
ably  on  the  location  of 
the  supply  mains. 

38.  Control  of 
Ijl|(Clits  From  Three 
or     More     Points. — 

Lights    may   be    con-        ^^  ^a> 

trolled  from  three  sta-  f^f^^ 

tions,  as  indicated  in     \  Mam 

Fig.  20.  It  is  neces- 
sary to  use  two  three- 
point  switches  A^Ciox 
the  end  stations  and 
a  four-point  switch  B 
for  the  middle  station.  (^^ 

When  B  is  in  the  posi- 
tion shown,  points  1 
and   2  are    connected  ^'°*  ^®* 

together  and  S  and  -4  are  also  connected  together.  When 
the  switch  is  turned,  the  former  connections  are  broken  and 

Mm 
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Fig.  20. 


points  /  and  5,  2  and  4  are  connected.     By  tracing  out  the 
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path  of  the  current,  the  student  will  see  that  the  lights  may 
be  turned  on  and  off  from  any  station  independently  of  the 
position  of  the  switches  at  the  other  stations.  By  cutting 
in  another  four-point  switch  for  each  additional  station  in 
the  same  way  as  B,  this  scheme  can  be  extended  to  any 
number  of  stations  desired,  and  is  often  used  for  stairways 
in  flat  houses. 

39.  Eloetroller  Swltthes.  —  These  switches  usually 
have  three  or  four  points  and  are  used  in  connection  with 
electroliers  to  enable  a  part  or  the  whole  of  the  lights 
to  be  operated  as  desired.  Sometimes  they  are  mounted 
in  the  electrolier  itself.  They  are  made  in  a  variety  of 
forms  and  the  connections  necessary  are,  as  a  rule,  easily 
understood  by  an  examination  of  the  switch  that  it  is  pro- 
posed to  use. 

40.  Snap  Sw^ltchcs. — Ordinary  snap  switches  are  gen- 
erally of  a  style  similar  to  that  shown  in  Fig.  21.     They  are 

mounted  on  porcelain  bases  and  the  work- 
ing; parts  are  covered  by  a  metal  cap.  A 
switch  of  this  kind  is  comparatively  inex- 
pensive, but  it  projects  from  the  wall  and 
does  not  make  as  neat  a  job  as  a  switch 
arranged  so  that  the  working  parts  set 
into  the  wall.  Moreover,  they  are  always 
F[G.  21.  more  or  less  liable  to  damage  and  take  up 

space.  The  other  type  is  known  as  a  niish  switch.  Like 
snap  switches,  they  are  made  in  a  large  variety  of  styles  and 

Fig,  23  gives  an  idea  as  to  the  arrangement  of  a  flush 
switch.  In  this  case  the  switch  is  i>[)erated  by  pushing 
the  button  projecting  through  the  plate.  The  working 
parts  are  encased  in  porcelain  and  the  face  plate  may  be 
given  any  finish  recjiiired  to  match  the  other  hardware  trim- 
minj;s  in  the  biiikling.  One  of  the  terminals  is  shown  at  s. 
When  one  button  is  pushed  in.  lever  /  makes  contact  with  c,  c', 
thus  completing  the  circuit.     Snap  switches.   Pig.  23,  are 
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also  made  so  that  they  may  he  mounted  flush  with  the  wall. 
When  switches  are  mounted  flush,  an  iron  box  should  be 
provided  in  which  to  place  them.     Fig.  34  shows  a  switch 


box  or  frame  of  the  kind  referred  to.  A  piece  of  board 
having  an  opening  large  enough  to  receive  the  box  is  nailed 
between  the  studding.  The  box  is  so  mounted  that  the 
edge  a  will  come  flush  with  the  plaster.  The  box  is  fastened 
in  position  by  screws  at  d,  b  and  the  switch 
is  fastened  in  the  frame  by  screws  c,  c. 
The  use  of  these  frames  makes  a  substan- 
tial job  and  the  switch  is  held  securi-Iy 
in  place.  The  switches  themselves  are 
not  usually  installed  in  the  boxes  until 
the  fixtures  are  put  up. 

In    selecting  switches,   it    pays    to    get  fio.  w. 

good  ones.  A  great  deal  of  trouble  is  caused  by  cheap, 
flimsy  switches,  in  which  the  springs  arc  always  breaking 
or  the  parts  working  loose.  A  little  extra  investment  put 
into  good  switches  when  the  wiring  is  installed  will  save  a 
great  deal  of  annoyance  and  expense  afterwards. 
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FIXT1:RE8. 
41.  The  selection  of  suitable  fixtures  and  the  proper 
wiring  of  them  are  important  matters.  The  wireman  should 
not  be  satisfied  to  put  up  any  fixtures  that  may  be  furnished. 
He  should  examine  them  and  test  them  himself.  The  fol- 
lc)winy  rules  should  be  fullowed: 


a.  Must,  whon  supported  from  the  gas  pipes  or 
any  grounded  metal  work  of  a  building,  be  insu- 
lated from  such  piping  or  metal  work  by  means 
of  apprtn'ed  insulating  joints  placed  as  closely  as 
possible  to  the  celling. 

9  recommended  that  the  gaa  outlet  pipe  be  protected 
-1. .  : — !_.:__  .■_■_.  i_._g  non-com  bus  I  ibie.  non-absorp- 
„  1  flange  at  the  lower  end  where 
t  with  the  iusulalin^  joint :  and  that  where 
outlet  tubes  are  used,  they  be  of  suthcient  length  tn  extend 
below  the  insulating  joint  and  that  they  be  so  secured  that 
they  will  not  be  pushed  back  when  the  canopy  ia  put  in  place. 
Where  iron  ceilings  are  used,  care  must  be  taken  to  see  that 
the  canopy  is  thoroughly  and  permanently  insulated  from 
the  ceiling. 

b.  Must  have  all  burrs,  or  fins,  removed  before 
the  conductors  are  drawn  into  the  fixture. 

c.  The  tendency  to  condensation  within  the  pipes 
should  be  gtiarded  against  by  sealing  the  upper  end 
of  the  fi.-iturc-. 

//.  No  cimibination  fixture  in  which  the  con- 
ductors arc  concealed  in  a  space  less  than  J-  inch 
lH;twcen  llic  inside  jiipe  and  the  outside  casing  will 
be  approved. 

i\  Musi  be  tested  for  contacts  between  conduct- 
ors and  fixture,  for  short  circuits,  and  for  ground 
cnnnectii>ns     before    they    are    connected    to    their 

/.  'Ceilinn  blncks  for  fixtures  should  be  made  of 
insulatinjr  inateriai;  if  not.  the  wires  in  passing 
through  the  plate  must  be  surnninded  with  non- 
combustible,    iinn-alisor]itive     insulating    material, 

4a.     Great  care  slimild  be  taken  to  see  that  the  sockets 
are  good,  and  also  that  they  are  strong  enough  to  bear  the 
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weight  of  shades.  Faulty  sockets  are  more  likely  to  caust; 
trouble  on  fixtures  than  on  drop  cords,  for  the  socket  itself 
is  always  grounded  on  the  fixture,  and  if  either  wire 
becomes  grounded  on  the  socket  shell,  it  is  in  consequence 
grounded  on  the  fixture. 


mlation  d. 


INSUT-ATrWO  JOINTS. 

43.  The  InsnlatlnK  Joint  is  the  most  important  i-lei-< 
trical  fitting  used  in  fixture  work.  Joints  are  made  for  all 
possible  combinations. 
Fig.  25  shows  a  very 
good  style ;  piece 
screws  on  to  the  gas  I 
pipe  and  b  to  the  fix- 
ture. The  parts  are 
separated  by  insula- 
ting material  e,  and  i"""  ■» 
the  outside  of  the  joint  is  covered  with  molded  i 
In  connecting  fixtures  to  the  wiring,  all  wires  shonl'l  I'e 
kept  away  from  the  gas  pifie  alKivc  the  j'lipit,  tnit  they  in:iy 
be  bunched  in  below  the  insulating  joint  after  the  wireit 
have  been  spliced,  soldered,  and  tajted,  li  is  very  iniior- 
tant  to  protect  the  gas  \)\\<i:  at  this  (Miint. 
Insulating  joints  should  Irfr  ti^stid  \<t:httf. 
being  uwrd.  Canopy  insulators  should  Ite 
:alled  wherever  th.-r.;  are  m-tal  <ei|. 
ings  against  whi'  h  the  (  anopies  of  lixtitri;^ 
might  ';ora*:.  The  cuiiopy  is  the  bras^" 
CUp-shaf(<rd  \Ai:":  nv:d  at  the  t'-p  of  fix- 
r\a.m.  tur<'s  to  ".ver  the  joint.  It  is  in  "-nta' t 
with  the  fixture:  hen'e.  it  is  ■mjf-rtarit  that  it  If:  ii.sulafrd 
from  metal  ceiling-,  or  •:!-':  a!!  the  '---rielit^  'l>rrivi:d  frotti  .in 
insulating  jfiint  wi!'  V;  ;"-;  l-Tg.  -fS.  sho-*-  a  'ar.'-jiv  :;.si:;a- 
tor.  It  is  simp'y  ar.  ■.-..•:i.aX:ri-^  rir.g  placed  l^:tw':';n  th': 
canopy  and  the  c^:I::.g. 


44.    The  student  should  note  the  following  additional 
rules  relating  to  insulating  joints,  fixture  wire,  etc. 

InsiilatluKT  Joints — 

a.  Must  be  made  entirely  of  material  that  w 
resist  the  action  of  illuminating  gases  and  will  not 
give  way  or  soften  under  the  heat  of  an  ordinary   i 
gas  flame  or  leak  under  a  moderate  pressure.     They   ■ 
shall  be  so  arranged  that  a  deposit  of  moisture  wiU   ' 
not  destroy   the  insulating   effect   and  shall   have 
an  insulating  resistance  of  at  least  250.000  ohms 
between   the   gas-pipe   attachments,  and  be   suffi- 
ciently strong  to  resist  the  strain  they  will  be  Hahle 
to  be  subjected  to  in  being  installed. 

b.  Insulating  joints  having  soft  rubber  in  their  1 
construction  will  not  be  approved. 

Fixture  Wire— 

a.  Must  have  a  solid  rubber  insulation,  with  a  k 
slow-burning,  tough,  outer  covering,  the  whole 
be  jij  inch  in  thickness,  and  show  an  insulation 
resistance  between  conductors  and  between  either 
conductor  and  the  ground  of  at  least  1  megohm 
per  mile  after  1  week's  submersion  in  water  at 
70°  F.  and  after  3  minutes'  electrification  with 
fi.oO  volts. 

/'.     Must  not  be  less  in  size  than  No.  18  B.  &  S. 

c.  Supply  conductors,  and  especially  the  splices 
ti)  tixture  wires,  must  be  kept  clear  of  the  grounded 
part  of  gas  pipes,  and  where  shells  are  used,  the 
iatu-r  must  be  constructed  in  a  manner  affording 
sTiflicicnt  area  to  allow  this  requirement. 

•t  Must,  when  fixtures  arc  wired  outside,  be  so 
secured  as  nut  to  be  cut  or  abraded  by  the  pressure 
of  the  fastenings  kt  motion  of  the  fixture. 

c.  Under  no  circumstances  .shall  there  be  a  dif- 
ference of  |)otcntial  of  more  than  :|0()  volts  between 
wires  contained  in  or  attached  to  the  same  fixture. 

Deconttlve  Series  7jim|>s.^ 

Incandescent  lamps  run  in  series  sliall  not  be  used 
for  decorative  purposes  inside  of  luiildings  except 
by  special  [)crmission  in  writing  from  the  Inspection 
Department  having  jurisdictiim. 
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45.    When  old  fixtures  are  to  be  wired,  they  must  be 
taken  down  and  supplied  with  insulating  joints.     Sockets 
may  be  attached  to  such  old  gas  fixtures  by  means  of  spars 
that  fasten  to  the  fixtures  at 
the  gas  burners.  Fig.  27  shows 
three  different  styles  of  these 
spars. 


I^OCATION  AND  DISTRI- 
BUTION OF   I^MPS. 


46.    The  character  of  the 
lamps  to   be   used   and  their  Pio.  27. 

location  is  a  matter  of  much 

importance  that  must  be  determined  in  each  case  by  the 
purpose  for  which  the  lamps  are  installed.  For  signs  and 
decorative  work,  this  purpose  is  solely  to  attract  atten- 
tion or  to  produce  ornamentation.  In  interior  lighting,  it 
is  to  illuminate  other  objects  either  close  at  hand,  as  with 
desk  lamps,  or  at  a  somewhat  greater  distance.  Where 
illumination  is  the  sole  requirement,  the  lamps  should  pref- 
erably be  placed  where  they  cannot  be  seen,  but  where 
they  will  throw  their  light  upon  the  object  to  be  illumi- 
nated, as,  on  the  stage  of  a  theater.  In  general  work 
however,  it  is  not  possible  to  place  the  lamps  in  this  man- 
ner, but  they  should  be  placed  where  they  will  not  be 
too  conspicuous.  When  they  must  be  in  view,  the  lamps 
should  be  surrounded  by  shades  that  will  diffuse  the  liirht 
and  take  away  the  glare.  Frosted  globes  are  of  assist- 
ance in  many  places,  but  it  is  better  to  have  the  light  dif- 
fused  by  a  shade.  Shadows  should  be  avoided  as  much  as 
possible. 

47.  Chandeliers  are  usually  relied  on  for  general  illumi 
nation.  They  should  be  hung  high  to  get  the  best  cfff  <  ts 
and   should   never  be  as  low  as  the  level  of  the  i-yv  of  1 
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pEfwin  vundioz-  Btitien  or  rows  ni  liEfatx  placed 
eeJKr^  aau  the  walls  kitc  very  good  Uluminaiion  without 
hurlitm  the  rTcs.  To  get  tbe  best  illuiDtnatinn  with  the 
MnaDesr  ontalxr  et  Umpc.  ibe  wall»  ud  ceilioKs  should  le 
finiabed  in  liglit  cokm  or  rn  white  and  kept  clean.  It  U 
cheaper  to  retJni  ceiling  than  to  bum  many  lamps.  ThU  is 
niperially  true  '4  stom,  whcrr  much  illuininatinn  ir.  a  nccn- 
sity.  Walls  jnpcml  in  dark  mlors  and  wixidwurk  of  ilark, 
rk-h  wtMxl  makr  it  alnwMt  impvMtble  to  brilliantly  light  a 
rofun, 

48>  It  is  an  cxrccdingly  'lifficalt  matter  to  give  any  rule 
{(ft  determinint;  the  number  of  lamps  required  ti>  Ii);hi  > 
nxrm  (if  given  »i»«.  Very  much  <li-[icnds  tm  the  degree  irf 
illumioation  rcqufrvtl,  on  tht?  hcixht  at  which  the  lamps  :ire 
placed,  ami  the  oiltir  of  the  wsilb  and  ceilings.  Experience 
is  about  the  only  reliable  guide.  The  following  numl>erc>[ 
lamp*  for  1 00  ttquare  fret  (Tabic  V)  will  gii-e  an  approximate 
idea  as  fi  the  number  of  lights  required  to  produce  a  gn-en 
rfTtrct.  but  thewe  values  must  not  be  considered  ae  fixed  liy 
any  means: 

TABI.K  V. 


Ni 

ml«ri.f  in-Can<ll<:i">wer 

Lamps  |H;r 

Illuminating  Effect. 

\m  Square  Feet. 

i.as 

Dull 

1.75 

Medium 

2.^.-5 

Good 

3.(10 

Bright 

4.00 

Brilliant 

vc  cfTirt-s  will  be  reduced. 
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COXDUIT  WIRIN(i^. 


KAJEtl^T  COXDUIT  SYSTEMS. 

49.  Not  many  years  ago,  before  there  were  uniforin  rulrn 
governing  the  installation  of  wires  to  make  th<Mn  Hi\U\  it 
was  a  common  practice  to  use  for  electric  lightinj;  wircH 
wound  with  cotton  thread  saturated  with  paraffin.  Thfm* 
wires  were  fastened  with  wooden  cleats  nailed  againnt  thr 
walls  and  ceilings.  Signal  and  bell  wires  arc  still  sonu'linii»« 
put  up  in  this  way.  The  first  step  in  the  direction  of  improve 
ment  was  limiting  the  number  of  incandescent  lainpK  nllowcil 
on  a  given  size  of  wire.  The  next  was  the  sulmlitnlioti  of 
**  weather-proof  "  or  **  Underwriters' "  wire  for  the  pataHIti 
covered  **  office  wire."  Later  came  the  pon^elainrlf.u,  whli  h 
was  not  in  general  use  before  1892. 

50.  The  manner  of  installing  wire  in  concralrd  wmk  h<m 
undergone  a  similar  evolution.  At  first  wirrH  wi'ti' pnlhil 
through  holes  in  the  joists  and  instalhrd  without  (iiiy  ptn 
tection  other  than  their  insulating  covrt  iiij'. ;  <iiihM-t  Iiim  n 
even  two  wires  were  pulled  through  thi!  s.-inw  Imli-,  hut  thin 
was  not  long  tolerated.  Progress  cutnr  alon^;,  two  ilhtiim  \\\ 
different  lines:  one  that  of  insulating  tlii*  wji**  hy  ihi.  tiMi. 
of  knobs  and  tubes,  as  previously  (IfsctilM'd ;  tin  miIh  i  i||,ii 
of  providing  a  continuous  raceway,  or  (*oimIiiIi,  (mi  ihi. 
conductors. 

51.  One  of  the  first  conduit  systrmM  ;iiii|  i,nr  i|i,ii  i.imii 
into  very  extensive  use,  though  it  ih  not  now  hIImvm  i|  Im   llh 
Underwriters,  was  that  of  tht!    Int<ri«>i  ('on«liHl  itn>l  Im.'hI.i 
ting  Company.     This  condnit   wasniad'ol    |hi|H  i   ^vmihilhi 
an  ingenious  manner,  so  as  to  form  a  t  n\ii  ,  iind  •  imiIi  t|  w  \\  \\ 
tar  inside  and  out.     These  tnlx's  w*M'   ni.'^ltilli  iI   <i«  .t  i  mh 
tinuous  raceway  from  outlet   toontjii.     ( lut  >n    \\sn  \\\\\.» 
as  happened  to  be  most  convenient,  wrir  pnljiii   inhi  i  .|»  |) 
conduit. 
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paper  tabes  vov  tttt  bnttte,  and  the  svsteiD  was 
I  hf  iMKtsin^  tbem  wiifa  2  thin  sfaell  »f  she«?t  brass. 
nc  tbe  reqnircmgnt  ttutt  the  coodait  stf^uld  never 
nMv  tfaan  cue  vtic     At  ooe  time,  "  brass-covered. 


BttKrior  ooodnit  wccfc  ~  vxs  caas>dered  the  best  possible  kind 


53.  Tbcse  paper  CMKinits  nay  still  be  used  to  advantage 
in  special  places^  especiaUr  in  ninnii^  wires  up  and  down 
brielc  walks,  in  CMiDcctinn  with  knob-and-tabe  work,  as  an 
additional  pmcectk>a  to  wires  encased  in  plaster.  It  is  quite 
•s  good  as,  and  in  some  respects  better  than,  iron  pipe  for 
this  porpose;  and  tbot^fa  ibe  Underwriters  do  not  endorse 
it,  most  inspectors  pass  it  vfaen  thus  used.  It  is  also 
fteqaently  wttd  In  place  of  molding,  where  wires  are  run  on 
tbe  snKace  ol  walls  or  in  comers,  where  ordinary  molding 
would  lie  awkward.  Bat  it  is  tha.  tolerated  as  a  conduit 
proper,  because  it  is  not  strong  enough.  Nails  can  easily 
be  driven  through  it. 

5Ii.     Another   excellent  tube  that  may  still  be    used  in 

some  places,  though  not  approved  as  a  conduit  proper,  is 
the  flexible  Circular-Loom  tube.  This  is  a  woven  tube 
treated  with  in^iiUtini;  maicriai  that  makes  it  hold  its  shape. 
It  has  n"  metal  o^'verini;,  but  is  stn'iiLrer  than  the  brass- 
ccvt-red,  interior  conduit  and  m-TC  cnnvcniem  to  use.  It 
will  he  jH-rmitted  under  the  firesent  rules  only  in  special 
ca>es,  as  it  is  nut  waterpr«.X'f  or  nail-pr\.K^f. 
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Speclficatioiis  for  Interior  Coiuliitts. — 

a^  Each  length  of  conduit,  whether  insulated  or 
uninsulated,  must  have  the  maker's  name  or  initials 
stamped  in  the  metal  or  attached  thereto  in  a  satis- 
factory manner,  so  that  the  inspectors  can  readily 
see  the  same. 

Metal  Conduits  with  Lining  of  Insulating  Material : 

b.  The  metal  covering  or  pipe  must  be  equal  in 
strength  to  the  ordinary  commercial  forms  of  gas 
pipe  of  the  same  size,  and  its  thickness  must  be  not 
less  than  that  of  standard  gas  pipe,  as  shown  by  the 
following  table : 

Size.  ThickneM  of  Wall.  Siz«.  ThlcknoiiMof  Wall 

Inches.  Inchen.  Inches.  Inches. 

\  .100  li  .140 

i  .111  U  .145 

f  .118  %  .154 

1  .IM 

An  allowance  of  xf^  inch  for  variation  in  manufac- 
turing  and  loss  of  thickness  by  cleaning  will  l>e 
permitted. 

c.  Most  not  be  seriotisly  zSecttd  externally  by 
burning  otit  a  wire  inside  the  tube  when  the  iron 
pipe  is  cocuKCted  u>  ooe  side  of  the  circuit. 

d.  Mtxsc  iukve  zht  icaiabititi%  \inin%  firmly  secured 
to  the  ptpe, 

e.  TSie  macragm^  litdni^  m^tcit  nr>t  crar,k  or  break 
whea  a  ]je:XiiSpiL  ^ji  ziu:  ^xj^nit  vsk  nnifr^mly  bent  at 
tenaperntcor?:  oc  tl^''  F.  tr»  an  an^  of  JW^,  with  a 
ciTTftEistTTn^ararSaxft'^f  I^mrjuw  frtr  pife%  r>f  I  inch 
arui  Ii«»  ami  L5  Dini»  the  ^iioimiex^  r4  the  pipe  for 
IsLT^tc  ;»coe5tt 

/     Tlit  inftoiacaujf  lixunq^  awsit  n/**^  Wiv^  injnri- 

^.jwd  luiisn  le  %r  *irn  ^  .^ar^vnt  n*  r-M    i^^   i;,*  *.  , 
fiu'^ir   «iTft  ie  •t4llr;#!rffli.*  ^  #v^j<   ^/r    ^<>^.^,a    , 
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when  remnved  from  the  pipe  entire  must  not  absorb 
more  than  10  f)er  cent,  of  its  weight  of  water  during 
100  hours  of  siibraersion. 

I.  All  elbows  or  bends  must  be  so  made  that  the 
conduit  or  lining  of  same  will  not  be  injured.  The 
radius  of  the  curve  of  the  inner  edge  of  any  elbow 
not  to  be  less  than  3i  inches.  Must  have  not  more 
than  the  equivalent  of  4  quarter-l}ends  from  outlet 
to  outlet,  the  bends  at  the  outlets  not  being  counted. 

Unlined  Metal  Conduits  : 

J.  Plain  iron  or  steel  pipes  of  equal  thickness  and 
strengths  specified  for  lined  conduits  may  be  used 
as  conduits,  provided  their  interior  surfaces  are 
-smooth  and  free  from  burrs;  pipe  to  be  galvanized 
or  the  interior  surfaces  coated  ur  enameled,  to  pre- 
vent oxidization,  with  some  substance  that  will  not 
soften,  so  as  to  become  sticky  and  prevent  wire 
from  being  withdrawn  from  the  pipe. 

(t.  All  elbows  or  bends  must  be  so  made  that  the 
conduit  will  not  be  injured.  The  radius  of  the  curve 
of  the  inner  edge  of  any  elbow  not  to  be  less  than 
Si  inches.  Must  have  not  more  than  the  equivalent 
of  4  quarter-bends  from  outlet  to  outlet,  the  bends 
at  the  outlets  not  being  counted. 

55.  Fij;.  2f<  shows  a  piece  of  iron-;irmored,  lined  con- 
duit; ii  is  the  armor  about  J  inch  thick,  which  is  the  same 
as  ordinary  gas  jiijie;  />  is  the  insulating  lining, 
not  less  thiin  ^'.,  iiicli  thick  and  adhering  to  the 
oiLtiT  jiipe.  Conduit,  whether  lined  or  unlined,  is 
put  up  in  the  same  manner  as  a  good  job  of  gas- 
fitting.  (Sreat  care  should  be  taken  at  the  joints 
to  sec  that  the  pi])e  is  reamed  and  that  the  ends 
come  together,  so  as  to  form  a  smooth  runway 
(free  from  burrs)  for  the  wire.  Fig.  29  shows  an 
elbow.  In  many  places  the  conduit  itself  may  be 
bent  and  the  use  of  an  elbow  with  its  threaded 
joints  avoided.  About  as  good  a  way  as  any  to 
bend  conduit  is  to  get  a  goo<i,  stout  piece  of  spruce 
or  hard  |une  and  bore  n  hole  in  it  a  little  larger 
than  the  conduit.     The  piin;  is  then  passed  through 
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the  hole  and  the  bend  may  be  easily  worked  in.  For  iron- 
conduit  wiring,  the  wireman  should  be  provided  with  a  reg- 
ular outfit  of  pipe  fitter's  tools. 

56.  As  previously  mentioned,  most  conduit  wiring  is 
now  carried  out  on  the  single- 
tube  system;  i.  e.,  both  wires 
or  a  twin  wire  are  run  in  the 
same  conduit.  This  plan  re- 
quires less  conduit  and  labor 
than  the  double-tube  system 
and  is  in  fact  the  only  allow- 
able arrangement  when  alterna- 
ting currents  are  used.  In  the 
case  of  a  large  church,  sup- 
posedly wired  for  52  volts,  2  per 
cent,  loss,  the  contractor  ran 
wires  in  separate  pipes,  with 
the  result  that  when  the  cur- 
rent was  turned  on  only  13  volts 
were  obtained  at  the  lamps.  It 
is  cheaper,  as  well  as  better,  to 
use  twin  or  concentric  conduct- 
ors in  a  single  conduit,  except 
for  very  large  cables  which  are  to  carry  continuous  currents. 

57.  Use  of  Outlet  and  Junction  Boxes. — Since  in  any 
conduit  system  the  primary  object  is  to  have  the  wires 
arranged  so  that  they  may  be  withdrawn,  it  is  necessary, 
whenever  a  branch  is  taken  off,  to  provide  a  Junction  box 
of  some  kind,  because  it  is  evident  that  splices  cannot  be 
made  at  intervening  points  without  interfering  with  the 
withdrawal  of  the  wires.  Conduit  wiring  is,  therefore,  done 
on  the  so-called  loop  system.  This  will  be  understood  by 
referring  to  Fig.  30  (a)  and  (6) ;  Z,  L,  L,  etc.  are  lamps  on 
one  circuit  that  is  to  be  supplied  from  a  panel  board  or  dis- 
tributing center  located  at  ^.  In  (a)  the  wiring  is  indi- 
cated as  it  might  be  done  with  the  ordinary  knob-and-tube 
system,  using  branches  whenever  they  will  reduce  the  labor 
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and  the  amount  of  wire  necessary;  (4)  shows  the  same 
lamps  wired  on  the  loop  system,  using  outlet  boxes  6  and 
looping  out  the  twin  wire  at  each  lamp.  No  branches  are 
taken  off  between  outlet  boxes,  and  by  disconnecting  the 
wires  runninglo  the  lamps, the  main  wiresmay  be  withdrawn. 
The  loop  system  using  iron  conduits  is,  of  course,  very 
much  more  expensive  than  the  knob-and-tube  system.  It 
is,  however,  much  more  permanent  in  character  and  is  the 


only  style  now  used  in  tJie  best  class  of  buildings.  It 
is  used  altogether  in  modern  fireproof  buildings.  The  best 
method  of  running  the  conduit,  so  as  to  save  bends  and 
make  the  conduit  as  short  as  possililc.  must  be  left  to  the 
judgment  of  the  wireman.  In  laying  out  such  wiring,  he 
must  remember  that  the  two  wires  are  run  together  and 
that  he  cannot  make  short  cuts  with  single  wires  as  in 
knob-and-tube  work. 
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58.  Conduits  less  than  g  inch  inside  diameter  are  not 
allowable  ;md  an  outlet  box  should  be  provided  at  every 
outlet.  When  branch  lines  arc  taken  off,  a  junction  box 
must  be  provided.  There  should  not  be  more  than  the 
equivalent  of  four  right-angled  bends  betwiien  junction 
boxes  or  there  will  be  difficulty  in  pulling  through  the  wire. 
Junction  boxes  and  outlet  boxes  are  manufactured  in  a 
large  variety  of  forms  to  accommodate  conduits  coming  into 
^^^m  from  different  directions.     Fig.  '.i\   {n)  shows  a  round 


^^^ction  box.  These  boxes  should  be  mounted  firmly  in  the 
wall  and  be  placed  so  that  the  surface  will  come  flush  with 
the  plastering.  The  split  nuts  n,  a  hold  the  conduit  in 
place.  Fig.  31  {b)  shows  an  ontlet  plate.  The  conduit  is 
clamped  in  openings  a  and  the  gas  pipe  is  clamped  in  b. 
Very  convenient  junction  and  outlet  boxes  are  now  made  of 
stamped  steel  and  are  arranged  sii  that  one  or  more  open- 
ings may  be  made  in  the  side  by  taking  out  a  small  disk. 
Fig.  33  shows  a  box  of  this  kind.  The  conduit  enters  tht 
box  and,  projecting  through  it 
about  i  inch,  is  held  in  place  by 
an  insulation  cap  a  that  screws 
over  the  end  on  the  inner  side. 
A  check  nut  b  screws  up  against 
the  outside  of  the  box.  Fig.  3;i 
shows  these  fittings  more  in  detail. 
Boxes  of  this  type  may  be  suited 
to   different   locations   by  simply 
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knocking  out  or  removing  the  disks  whenever  openings  art 
needed.     This   avoids    the   necessity   of   carrying    a 


number  of  different  boxes  in  stock.  Outlet  boxes  may  I 
obtained  that  are  provided  with  sjjeciai  covers  to  accommO] 
date  almost  any  make  of  flush  switch. 


59.     Fig.    34     shows 
■emovcd)  mounted  in  ; 


Outlet  boxes  and   cui-ouLs  art 
both  gas  and  electricity  are  used. 


witch  (with  face  plaU 
\  suitable  for  us 
iron-armored  conduit^ 
Outlet  boi,es  are 
made  for  uie  with  com 
!)in  ition  fixtures; 
in  jiro\ided  with  openi 
nil,-,  for  the  gas  pipe  ti 
1  isv  thr  lugh. 

^^  ht  11     \    change 
iliL  M/i.  of  wire  is  mai 
1(1     i    junition    box. 
IS  nuessarv  lo  protect 
iht   brinch   circuits  1 
1  I  111  out      Special  c 

uts  in.  made  suttabM 
mounting  in  junoi 
t,  n  lioxes.  Fig,  S' 
shows  -i  cut  out  BuHablj 
for  a  square  box  Hk) 
that  shown  in  Fig.  St^ 

made  for  places  wher 
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OO.     Fig.  3H  (a)  and  (6)  shows  the  methwl  of  nmuniing 
an  outtrt  box  in  a  fireproof  ceiling.     By  crijssing  ihc  ells 


as  shown  at  (S),  the  fireproof  brickwork  does  not  need  tdc 
cut  as  much  as  when  they  are  not  crossed,  as  in  {a).  The 
faceot  the  box  should 

come  flush  with  tht-     ^  ^.  -    '^-        -j  ,. 

plastering.      Cement         \       \  ,  ^'^!        I         f 

o,   pteter    ..(    Paris     ^  '        >  V  -  A    l^  !—    L''- 

may  be  run  in  around  \       \         \    i    /     /       /         /    ' 

the   box   and  clhows |  - ,  , 

to  hold  them  securely 
in  place.      In  wi)rk  -il' 
this  kind  the  conduit 
is  usually  run  on  tlv 
upper  surface  of  tin 
fireproof  floor  as  in 
dicated;     the    strip- 
on   which    the   wtM>d  '  ' 
floor  is  laid   usually                               ^"^-  ^ 
make  sufficient  space  between  the  lircpnKif  brick  and  the 
wood  floor  to  accomniodale  the  conduit.     Where  iron  conduit 
isatuched  to  wood  beams,  it  is  held  by  pipe  straps  in  the 
same  way  as  gas  pipe 
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61.     Vnaei-wrlters'  Kiiles  RelatliiK  to  Conduit  Wire 

and  Installation.^ The  following  rules  relating  to  the  wire 
used  for  conduit  work  and  the  installation  of  the  conduit 
should  be  observed : 

Conduit  Wire — 

Must  comply  with  the  following  specifications: 

a.  Single  wire  for  lined  conduits  must  comply 
with  the  specifications  for  rubber- cove  red  wire  on 
other  I'lW-voltage  work.  For  unlined  conduits,  it 
must  comply  with  the  same  requirements,  except 
that  tape  may  be  substituted  for  braid,  and  in  addi- 
tion there  must  be  a  second,  outer,  fibrous  covering 
at  least  ^  inch  in  thickness  and  sufficiently  tena- 
cious to  withstand  the  abrasion  of  being  drawn 
through  the  metal  conduit. 

/>.  For  twin  or  duplex  wires  in  lined  conduits, 
each  conductor  must  comply  with  the  specifications 
for  rubber -cove  red  wire  on  other  low-voltage  work, 
except  that  tape  may  be  substituted  for  braid  and 
there  must  be  a  substantial  braid  covering  over  the 
whole.  For  unlined  conduits,  each  conductor  must 
comply  with  the  same  requirements,  except  that 
tape  may  be  substituted  for  braid  and,  in  addition, 
must  have  a  braid  covering,  the  whole  at  least 
,'j  inch  in  thickness  and  sufficiently  tenacious  to 
withstand  the  abrasion  of  being  drawn  through  the 
metal  conduit. 

c  For  concentric  wires,  the  insulation  of  the 
inner  conductor  must  comply  with  the  specifications 
for  rubber-covered  wire,  except  that  tape  may  be 
substituted  for  braid,  and  there  must  be  outside  of 
the  outer  conductor  the  same  Insulation  as  on  the 
inner,  the  whole  to  be  covered  with  a  substantial 
braid,  which  for  unlined  conduits  must  be  at  least 
j'j  inch  in  thickness  and  sufficiently  tenacious  to 
withstand  the  abrasion  of  being  drawn  through  the 
metal  cimduit. 

The  braid  required  aroumi  eaih  i<iinlinior  in  duplex. 
twin.  :ind  concentric  cables  is  to  liuld  Ihe  rubl>cr  insulation 
in  place  and  prevent  jamniinK  and  flattening. 

(i'Z,    The    following    rules    govern    the    installation    of 
conduits: 


SS7 


INTERIOR    WIRING. 


Interior  Condalts. — 

The  object  of  a  tube  or  conduit  is  to  facilita.te  the  insertion 
nr  entraction  of  the  conductors,  to  protect  them  from 
mechanical  injury,  and,  as  far  as  possible,  from  moisture. 
Tubes  or  conduits  are  to  be  considered  merely  as  raceways. 
and  are  not  to  be  relied  on  for  insulation  between  wire  and 
wire  or  between  the  wire  and  the  ground. 

a.  No  conduit  lube  having  an  internal  diameter 
of  less  than  |  inch  shall  be  used;  measurement  to 
be  taken  inside  of  met:i1  conduits. 

ii.  Must  be  continuous  from  one  junction  box  to 
another  or  to  fixtures,  and  the  conduit  tube  must 
properly  enter  all  fittings. 

c  Must  be  first  installed  as  a  complete  conduit 
system,  without  the  conductors. 

rf.  Must  be  equipped  at  every  outlet  with  an 
approved  outlet  box  or  plate. 

t.  Metal  conduits,  where  they  enter  junction 
boxes  and  at  all  other  outlets,  etc.,  must  be  fitted 
with  a  capping  of  approz'cd  insulating  material, 
fitted  so  as  to  protect  wire  from  abrasion, 

f.  Must  have  the  metal  of  the  conduit  perma- 
nently and  elTectually  grounded. 

Wires  In  Conduits- 
Must  not  be  drawn  in  until  all  mechanical  work 
on  the  building  has  been  as  far  as  possible    com- 
pleted. 

Must  for  alternating-current  systems  have  the 
two  ,or  more  wires  of  a  circuit  drawn  in  the  same 
conduit. 

It  is  advised  that  this  l)e  done  for  direct-current  systems 
also,  so  that  they  may  be  changed  to  alternating-current 
systems  at  any  time,  induction  troubles  preventing  such  a 
change  unless  this  constructiun  is  followed. 


what  constitutes  a 
such  work.     In   small 


There  has  been  much  discussion  a 
permanent  and  eflfectual  ground  in  i 
installations  the  ground  should  be  of  as  great  carrying  capac- 
ity as  the  conductors  within  the  conduit.  In  large  plants 
this  is  not  practicable.  Where  conduits  pass  from  junction 
box  to  junction  box,  they  should  be  well  connected,  electri- 
cally as  well  as  mechanically,  to  the  metal  of  the  boxes,  so 
that  no  part  of  the  conduit  system  will  be  insulated  or  in 
poor  contact  with  the  rest  of  the  system.      On  every  large 
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installation,  a  ground  detector  should  be  installed  at  the 
main  (lislrilmti<»n  center,  so  that  a  ground  may  be  easily- 
located  and  lifted. 

itS.  While  a  conduit  system  is  considered  merely  *s  a 
"system  of  raceways"  for  the  wires,  if  it  is  properly 
installed,  all  joints  firmly  made,  and  an  efficient  ground  pro- 
vided, it  serves  the  purpose  also  of  an  additional  protection. 
No  ground  can  then  occur  anywhere  in  the  concealed  wiring 
in  the  building  except  upun  the  conduit,  and  if  that  is 
grounded  to  the  earth,  it  cannot  do  any  damage.  If  two 
grounds  should  occur  upon  opposite  sides  of  the  line,  a 
"  dead  "  short  circuit  is  formed  through  the  walls  of  the  iron 
pipe.  This  will  blow  the  fuses  on  the  lines  affected,  discon- 
necting them,  but  doing  no  other  damage.  The  iron  pipe 
also  has  the  elfect  of  choking  back  any  possible  lightning 
stroke  upon  the  line,  thus  affording  additional  protection  to 
the  lamps  and  fixtures. 

64,  Screw  joints  between  various  lengths  of  pipe  and 
between  pipes  and  junction  boxes  and  cut-out  cabinet  frames 
are  to  be  preferred  to  all  other  kinds  of  joints,  because  they 
are  more  secure  and  afford  better  electrical  contact.  To 
secure  them  in  an  entire  system,  it  is  necessary  to  use  a  few 
right-hand  and  left-hand  couplings  or  a  few  unions.  Where 
unions  are  used,  they  should  preffrnbly  be  of  brass,  because 
brass  gives  better  contact  at  the  sliding  joints  than  iron. 
Right-hand  and  left-hand  couplings  are  also  used.  In  most 
cases,  however,  instead  of  a  union  or  right-hand  and  left- 
hand  coupling,  the  thread  is  cut  well  back  on  one  piece,  the 
couiiling  screwed  on  and  afterwards  screwed  back  over  the 
other  piece. 

But  owing  to  the  difficulty  of  installing  screw  joints  in  all 
places,  and  because  other  joints  are  easier  to  make  and 
require  less  expensive  fittings  (though  ni^t  so  good),  many 
systems  have  been  designed  in  which  other  kinds  of  joints 
are  relied  on.  Whatever  system  is  used,  however,  the  work- 
man must  not  shirk  the  duty  of  making  good  pipe  connec- 
tions, which  are  as  important  as  soldered  joints  on  the  wires. 
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65.  Flexible  Armored  Conduit. — In  order  to  avoM 
joints  and  make  the  conduit  cheaper  and  easier  to  install, 
flexible  armored  conduits 
have  recently  been  brought 
forward.  Fig.  37  shows  a 
piece  of  the  Greenfield  con- 
duit, showing  the  method 
of  connecting  it  to  a  junc- 
tion box.     This  conduit  is 

made  of  steel  ribbon  wound  spirally.  It  affords  a  good  pr*-/- 
tection  to  the  wire  against  mechanical  injury,  but  it  is  n^it 
waterproof.  It  is,  therefore,  inferior  to  the  iron  conduit  for 
damp  places  or  where  the  conduit  has  to  be  laid  in  conoref:. 
This  conduit  may  be  used  for  fished  work,  but  is  not  allow 
able  for  a  regular  conduit  system. 

66.  Economy  of  Space  In  CondaltHyiitenui.  -In  th'^iv: 
places  where  very  many  circuits  are  to  be  run,  as.  for  exam- 
ple, in  a  partition  or  along  one  wall,  it  is  often  imfx/ssibl*:  to 
find  space  enough  for  all  the  wires  and  at  the  same  time 
keep  them  the  distance  apart  required  by  the  Underwriteri^, 
In  such  cases,  they  may  be  run  in  conduits  and  plar#:d  rom- 
pactly  together  side  by  side. 

Where  the  walls  on  which  the  wires  are  to  J^  fjpU',f/^\*'t\ 
are  of  brick  or  stone  or  other  mas^iory,  a  f:onf\w,  s\\\^,::, 
offers  the  only  method  of  concealing  the  wires  tha*  •-  • 
once  practicable,  economical,  and  permanent.  It  \s  \uk  •  /- 
tern  to  adopt  for  all  concealed  work  in  new  tT*i\»z'/^  '-,■  '.*. 
ings  and  in  all  other  new  buildings  exryrpt  r^,^,J,  ^l..l,. 
most  of  the  walls  and  partitions  are  of  fram^:  'ov-r':-:  *  - 
lath  and  plaster,  leaving  ample  space  and  ^av/  v^ric  -  - 
knob-and-tube  construction. 

In  large  buildings  where  there  are  to  ry:  rr.;i'  v  ,\ 

conduits,  architects  usually  provide  ^hannel^    -  -'^ ./!!*,  ' 
work  in  which  the  conduits  can  be  F'la^ed.  v.^    •.    !.  / 
them  behind  the  surface  of  the  brick  withoJ^  >  v"^  ^  /\  '    ^ 
the  brick  with  a  chisel  after  it  \%  in  pla/>^   ^k-  -  ""^'  ^ 

ous  and  objectionable  method. 


and  take  Ihe  ells  better.  A  '■  snake  "  is  first  run  through 
the  tube  and  the  wire  pulled  through  by  means  of  it.  The 
snake   usually  consists  of  a  steel  ribbon  about  \  inch  wide 
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with  a  ball  about  i  inch  diameter  on  the  end.  If  the  con- 
duit has  many  turns,  it  is  advisable  to  use  a  coiled  spiral 
spring  about  i  inch  diameter  and  G  or  8  inches  long  with  a 
ball  on  one  end  and  the  other  end  fastened  securely  to  the 
steel  ribbon.  The  end  with  the  piece  of  spring  is  pushed  in 
first  and  the  spring  passes  around  the  turns  easily. 

68.  Fig.  38  shows  one  floor  of  a  dwelling  house  wired 
with  conduits.  The  numbers  on  the  various  outlets  indicate 
the  number  of  lamps  supplied.  The  wiring  is  carried  out 
on  the  loop  system,  and  it  will  be  noticed  that  no  branches 
are  taken  off  between  outlets.  Four  circuits  are  used  in 
order  that  there  may  not  be  more  than  ten  lamps  on  any 
one  circuit. 


WOODEN    MOIiDINGS. 

69,  Wooden  Tnoldiniacs  are  used  to  a  great  extent  in 
running  wires  over  woodwork,  on  walls,  door  and  window 
frames,  and  other  places  where  they  cannot  otherwise  be 
well  concealed.  Moldings  put  up  on  ceilings  or  walls  should 
be  arranged  symmetrically,  so  as  to  disguise  their  purpose,  or 
at  least  not  disfigure  a  room,  even  though  it  may  be  neces- 
sary to  put  up  blank  or  empty  molding  for  this  purpose. 
Work  of  this  kind  is  confined  almost  exclusively  to  old 
buildings.     The  following  rules  relate  to  these  moldings: 

Wooden  Moldln^ips — 

a.  Must  have  both  outside  and  inside  at  least 
two  coats  of  waterproof  paint  or  be  impregnated 
with  a  moisture  repellent. 

6,  Must  be  made  of  two  pieces,  a  backing  and 
capping  so  constructed  as  to  thoroughly  encase  the 
wire  and  provide  a  J-inch  tongue  between  the  con- 
ductors and  a  solid  backing  that,  under  the  grooves, 
shall  not  be  less  than  f  inch  in  thickness,  and  must 
afford  suitable  protection  from  abrasion. 

It  is  recommended  that  only  hardwood  molding  be  used. 
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For  molding  work  : 

Must  have  i7///-oiifrf  rubber-insulating  covering. 

Must  never  be  placed  in  molding  in  concealed  or 
damp  places  or  where  the  difference  of  potential 
between  any  two  wires  in  the  same  molding  is  over 
;ioo  volts. 

70.  Irresponsible  parties  sometimes  run  weather-proof 
wire  in  moldings.  This  practice  is  dangerous,  for  in  mold- 
ing work  there  is  practically  no  insulation  except  that  on 
ihe  wire,  if  the  molding  becomes  damp;  while  in  cleat  and 
lube  work  there  is  an  air  space,  and  in  conduit  work  an 
iron  pipe,  as  an  additional  protection.  Moreover,  a  w 
with  an  air  space  or  an  iron  jacket  around  it  cannot  do 
much  damage  even  if  it  does  become  very  hot ;  but  a  wire 
embedded  in  wood  if  overloaded  excessively  will  char  and  pos- 
sibly set  fire  to  the  wood,  because  the  heat  cannot  easily  be  dis- 
sipated.     Dampness  is  the  greatest  enemy  of  molding  work. 


id  moldings  and  rubber-covered 
ised  in  places  always  dry,  this 
tl  is  very  much  in  vogue  at  the 
present  (lay.  Moldings  are  especially  convenient  in  running 
b..rder  lights  an.und  the  walls  of  "rooms,  where  lamps  are 
placed  a  foot  or  sn  apart,  and  in  wiring  show  windows  for 
temporary  displays,  and  other  work  of  a  semi-permanent 
niiturc.  Afuldings  arc  made  in  a  variety  of  styles,  some 
of  which  are  ornamental  and  nicely  finished  to  match  the 
trimmings  of  the  rooms  in  which  they  are  used.  Fig.  39 
shows  a  typical  two-wire  molding  that  conforms  to  the 
Underwriters'  rcouiremcnts,  since  it  has  the  backing  a  and 
capping  b. 
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TESTS. 

71.  Aftera  job  uf  wiring  has  been  completed,  tests  should 
be  made  to  see  if  all  connections  are  correct  and  altwi  if 
there  are  any  grounds  or  crosses  between  the  wires.  All 
circuits  should  be  tested  before  fixtures  of  any  kind  are  put 
lip,  and  each  fixture  should  be  tested  carefully  before  it  is 
put  in  place.  Fixtures  when  reiei\ed  from  the  factory  arc 
not  usually  wired,  and  connecting  the  sockets  etc  must  be 
done  t>efore  they  are  put  in  place  If  this  is  not  carefully 
done,  the  fixture  wire  is  apt  to  become  grounded ,  hence,  the 


necessity  of  lest; 
position.  For  n: 
This  is  a  small  hand. 


;  out  fixtures  before  they  are  put  into 
t  of  this  testing  a  magnelo-bel!  is  used, 
electric  generator  connected  with  a 
bell  similar  to  the  call  bell  on  a  telephone.  Fig.  40  shows  a 
portable  magneto  made  for  testing  work;  /,  /'  are  the  ter- 
minals to  which  wires  are  attached  in  order  to  test  any 
circuit.  When  a  circuit  is  established  between  /,  /',  the  bell 
rings.  These  instruments  are  made  of  various  capacities 
designed  to  ring  the  bell  through  resistances  of  5,000  to 
10,000  ohms,  or  more. 


6«  INTERIOR   WIRING.  §37 

73.  Each  branch  circuit  should  be  tested  individually 
wiih  the  magneto  by  nmnccting  it  to  the  terminals  of  the 
circuit  at  the  panel  board  or  cut-out.  The  wires  at  all  the 
nutlets  should  be  separated  and  the  circuit  rung  up.  If  no 
rinfj  is  obtained,  it  shows  that  there  is  no  cross  between  the 
wires.  The  wires  coming  out  of  each  outlet  should  then  be 
Inuched  together  in  turn  and  also  their  corresponding 
switch  outlets,  if  there  arc  any,  to  see  if  the  connections  to 
I  lie  outlets  are  all  right.  After  each  outlet  is  rung  up,  its 
wires  should  be  left  separated.  Each  side  of  the  circuit 
should  then  be  tested  for  grounds.  If  it  is  a  conduit  sys- 
tem, one  terminal  of  the  magneto  should  be  connected  to 
the  sheathing  and  the  other  to  each  side  of  the  circuit  in 
turn.  If  no  ring  is  obtained  on  either  side,  it  shows  that 
the  wire  is  clear  of  grounds.  If  a  ring  is  obtained,  the  ends 
should  be  carefully  examined,  and  if  necessary  the  wire 
must  be  drawn  out  and  examined.  In  knob-and-tube  work 
the  method  of  testing  is  practically  the  same,  only  in  test- 
ing fur  grounds  one  side  of  the  magneto  may  be  connected 
to  a  gas  or  water  pipe.  Each  fixture  should  be  subjected 
to  simibir  tests,  and  after  all  the  fixtures  are  in  place,  the 
system  as  a  whole  should  be  tested. 

T.i.  I  iniorwritt'i-s'  Towlx.  —  An  insurance  inspector 
usually  tests  each  branch  line  with  a  magneto  for  con- 
tinuity, short  circuits,  and  ^ninnds.  He  then  usuallv 
counts  up  the  nunilicr  nf  lamps  on  each  circuit  and  notes 
tin;  siKcs  of  wire  used  to  see  that  no  wire  is  overloaded  when 
all  the  lam[)S  are  on.  Concealed  work  must  be  inspected 
befurc  the  hith  and  plaster  arc  put  on,  otherwise  it  will  not 
be  passed  without  sjieciai  investigation;  this  means  tearing 
up  floors  and  walls,  whiili  is  expensive,  to  say  the  least. 

In  most  installations,  where  the  inspector  has  no  reason 
to  suspect  that  any  faulty  material  has  been  used,  he  is 
able  to  satisfy  himself  by  these  tests  and  by  examining  the 
work  with  his  eye;  in  fact,  in  many  cases  an  ocular  inspec- 
tion is  the  only  inspection  made  by  the  authorities,  if  they 
arc  satisfied  that  the  contractor  is  honest  and  has  made  the 
other  necessary  tests. 


5  27  INTERIOR    WIRING.  67 

74.  Where  more  particular  attention  is  given  to  a  piece 
of  work  or  where  it  is  dtsired  to  learn  whether  an  old 
installation  or  one  not  properly  inspected  at  the  time  the 
work  was  done  is  up  to  the  standard  of  safely,  the  insula- 
tion resistance  is  measured. 

lUtatlou  Keslstnnce. — 

The  wiring  in  any  building  must  test  free  from 

ids;  i.  e.,  the  complete  installation  must  have 

Ian  insulation  between  two  separate  conductors  and 

l^also  between  all  conductors  and  the  ground  (not 

■  including   attachments,  sockets,  receptacles,  etc.) 

■  of  not  less  than  the  following: 

Up  to         5  amperes 4.000,000  ohms. 

Up  to      10  amperes 2,000,000  ohms. 

Up  to       35  amperes , 800,000  ohms. 

Up  lo      60  amperes 400,000  obms. 

Up  to     too  amperes 300,000  ohms. 

Up  to     300  amperes 100,000  ohms. 

Up  to     400  amperes 25,000  ohms. 

Up  to     eoo  amperes 33,000  ohms. 

Up  to  1,600  amperes 12,600  ohms. 

All  cut-outs  and  safety  devices  should  be  in  place 
Jwhen  the  above  test  is  made. 

Where  lamp  sockets,  receptacles,  and  electroliers, 
tetc.  are  connected,  one-half  of  the  above  will  be 
l.tequired. 

ffhere  lamps    or    other  devices  are  suspected  of   taking 
more  current  than  they  should  or  where  the  load  on  any 
line   is,    for   any   reason,   in   doubt,   the  current  should  be 
^^uasured  with  an  ammeter. 

^^B  MEASUREMEXT  OF    DJtOP  IX  VOLTS. 

75.  If  the  current  can  be  turned  on  in  order  to  make  a 
lest  of  the  drop  in  voltage,  the  best  way  is  to  use  a  volt- 
meter and  determine  the  actual  drop  on  each  line  at  full 
load.  With  an  ordinary  voltmeter,  the  best  method  is  to 
have  two  pairs  of  test  cords  and  plugs  connected  to  a  double- 
pole  double-throw  switch.  One  pair  of  test  cords  should 
run  to  the  distribution  center;  the  other  should  run  lo  the 
fixture  to  which  the  drop  is  to  be  determined.     The  switch 

)uld  be  so  connected  to  the  voltmeter  that  a  reading  of 
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the  vatta^e  at  tbe  cul  iif  ooe  pair  of  ctinls  can  be  taken  one 
instant  and  that  at  tbe  end  «(  tbe  otiMU'  puir  of  txirds  ibr 
next.  The  diSereocc  is  tbe  drop  in  Vf>lts  on  that  line.  AO 
of  the  lamftt  &hoaM  be  turned  on  while  the  RieakumncotK 
arc  being  taken,  and  several  sets  of  nadings  should  bcnudt, 
becaiBc  currents  supplied  from  central  stations  suffer  varia- 
tinns  in  vultagc. 


JIARIXE    WORK. 

76.  WirJni;  on  buard  Aifn  ii  Kubjected  to  some  Hpceial 
cunditioos  and  ihcreiore  rcqutm  special  treatment.  The 
tirst  impiirtant  cunditinn  not  u»uallr  met  with  »n  land  is  the 
miHiun  (tf  ihc  ship,  whii:h  makes  it  necessary  to  avciid  all 
(ornis  of  construction  where  chafing  or  breaking  might  take 
place.  The  secund  important  peculiarity  is  the  constaot 
dampness  of  the  atmosphere.  For  tbe«c  and  other  rra^ioDs 
a  separate  code  ha«  hren  prepared  for  marine  work,  from 
which  the  following  rules  are  selected.  They  embody  the 
chief  points  in  which  marine  work  diiTiTi>  from  other  work. 


<».  Mu«t  l"*"  siippiiried  in  approved  moldiiiij  or 
conduit  fxiepl  ;il  switohlvoards  and  portables. 

S|)ccial  permi^ion  mav  be  given  for  deviation  from  lliis 
rule  in  .iynamo  r.-ms. 

/'.  Must  have  nu  sin^;le  wire  larger  than  No.  l',' 
B.  A:  S.  Wins  tn  W  stranded  when  greater  carry- 
ing (apai'itv  is  renuired.  X<*  single  s<)Iid  wire 
smaller  than   Nn,   H   B.  &  S.  except  in  fi.vlure  wir- 

irii:  t..  iH-  iise.l. 

Str.iiiili-ii  wiro^  niusi  t>e  siiKlercti  lurfure  bein);  Tasttneil 
iiiuKt  vl,im[i-^  i>r  biniling  strews,  and  when  they  have  a  om- 
ilmtuitv  KriMler  than  NK.  H'  H.  &:  S.  i-.'pper  wire,  thev  must 
l>cs.OilcVoJ  int..  hiK>. 

C-.  Splices  ur  taps  in  comiucmrs  must  be  avoided 
as  far  as  pissil'le.  Where  it  is  necessary  to  make 
ihcm.  they  must  lie  so  spliccil  or  joined  as  to  be  both 
iiK'clianicalU-  and  electrically  secure  without  solder. 
They  must  then  be  soldered,  to  insure  preservation, 
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covered  with  an  insulating  compound  equal  to  the 
insulation  of  the  wire,  and  further  protected  by  a 
waterproof  tape.  The  joint  must  then  be  coated  or 
painted  with  a  waterproof  compound. 

Wires  for  Moldlug  Work — 

a.  Must  have  an  approved  insulating  covering. 

The  insulation  for  conductors,  to  be  approved,  must  be  at 
least  f^  inch  in  thicltness  and  covered  with  a  substantial 
waterproof  and  flame-proof  braid. 

The  [thysical  characteristics  shall  not  be  affected  bv  any 
change  in  temperature  up  to  aoc  P.  After  8  weeks  sub- 
mersion in  salt  water  at  70'  P..  it  must  show  an  insulation 
resistance  of  1  megohm  per  mile  after  3  minutes'  electrifi- 
cation with  550  volts. 

b.  Must  have  when  passing  through  water-tight 
bulkheads  and  through  a!l  decks  a  metallic  stuffing 
tube  lined  with  hard  rubber.  In  case  of  deck  tubes, 
they  shall  be  boxed  near  deck  to  prevent  mechani- 
cal injury. 

(.  Must  be  bushed  with  hard-rubber  tubing 
^  inch  in  thickness  when  passing  through  beams 
and  non-water-tight  bulkheads, 

wires  for  Conduit  Work — 

a.     Must  have  an  approved  insulating  covering. 

The  insulation  for  conductors  for  use  in  lined  conduits,  t" 
be  approved,  must  be  at  least  ft  inch  in  thickness  and  be 
covered  with  a  substantial  waterproof  and  flame-proof  braid. 
The  physical  characteristics  shall  not  be  affected  by  any 
change  in  temperature  up  to  200°  F. 

After  2  weeks'  submersion  in  salt  water  at  70°  F.,  it  must 
show  an  insulation  resistance  of  1  megohm  per  mile  after 
"     '      "    ,'  electrification  with  5110  volts. 


For  unlined  metal  conduits,  conductors  must  con- 
rm  to  the  specifications  given  for  lined  conduits, 
and  in  addition  have  a  second,  outer,  fibrous  cover- 
ng  at  least  ,'s  •"'^h  in  thickness  and  sufficiently 
enacious  to  withstand  the  abrasion  of  being  drawn 
hrough  the  metal  conduit. 

b.  Must  not  be  drawn  in  until  the  mechanical 
work  on  the  conduit  is  completed  and  the  same  is 
in  place. 

c.  When  run  through  coal  bunkers,  boiler  rooms, 
and  where  they  are  exposed  to  severe  mechanical 
injury,  must  be  encased  in  approved  conduit. 

/7f.— «r 
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TABLE    VT. 

Ta1>l<-'  or  Capacity  of  Wires  for  Marine  Worh. 


B.  *S.U. 

*,„AJ..., 

'stro^'ir 

SiMQ( 

Aniperw. 

1.388 

1.624 

3 

2.048 

2.583 

6 

3,357 

4.101 

13 

la 

8,Bao 
fl.Olfl 

- 

19 

17 

11.388 

18 

25 

U,»3fl 

17 

30 

18,081 

7 

18 

35 

23,798 

40 

80,856 

It) 

18 

50 

38,913 

19 

80 

49,077 

IS 

18 

70 

60,088 

37 

18 

8.i 

75,776 

87 

17 

IIH) 

98,004 

fli 

18 

lao 

m,B28 

61 

17 

145 

157,563 

81 

18 

170 

198,877 

Ul 

15 

aoo 

2.50,527 

81 

U 

235 

398,387 

91 

1.1 

370 

373,737 

91 

14 

413,839 

127 

15 

340 

Portable  Conductors — 

Must  be  made  of  two  stranded  conductors,  each 
having  a  carryinfj;  capacity  equivalent  lo  not  less 
than  No.  li  B.  &  S.  wire,  and  each  covered  with  an 
approved  insulation  and  covering. 

Where  not  ex[>(>sed  to  moisture  or  severe  tnethanical 
injury,  each  stranded  conductor  must  have  a  si>)id  insulation 
at  least  j'j  Inch  in  thickness  and  must  shiiw  an  insulation 
resistance  between  conductors  and  between  either  conductor 
and  the  ground  of  at  least  1  megohm  per  mile  after  1  week's 
submersion  in  water  at  70'  F.  and  after  3  minutes'  electrifi- 
cation with  500  volts,  and  be  protected  by  a  slow-burning, 
toujfh-braided,  outer  cin'ering. 

Where  exposetl  to  moisture  and  mechanical  injury — as  for 
use  on  decks,  holds,  and  fireroonis — each  stranded  conductor 
shall  have  a  solid  insulation,  to  Ive  approved,  of  at  least 
■Jf  inch  in  thickness  and  be  protected  by  a  tough  braid.  The 
two  conductors  shall  then  l>e  stranded  together,  using  a  ji 


either  V 


r  of 
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and  treated  with  a  non-inflammable,  ' 

After  1  week's  submersion  in  water  at  ' 

and   a   3   minutes'  elcctrilication,  must  show  an  insulation 

between  tlie  two  conductors  or  between  eitlier  comJuctor 

and  tlie  ground  of  1  megohm  per  mile. 

Wooden  Moldings — 

a.  Must  be  made  of  well-seasoned  lumber  and 
be  treated  inside  and  out  with  at  least  two  coals  of 
white  lead  or  shellac. 

b.  Must  be  made  of  two  pieces,  a  backing  and  a 
capping,  so  constructed  as  to  thoroughly  encase  the 
wire  and  provide  a  i-inch  tongue  between  the  con- 
ductors and  a  solid  backing  that,  under  the  grooves, 
shall  not  be  less  than  |  inch  in  thickness. 

c.  Where  molding  is  run  over  rivets,  beams,  etc., 
a  backing  strip  must  first  be  put  up  and  the  mold- 
ing secured  to  this, 

(/.     Capping  must  be  secured  by  brass  screws, 

Cut-Outs. — 

a.  In  places  such  as  upper  decks,  holds,  cargo 
spaces,  and  firerooms,  a  water-tight  and  fireproof 
cut-out  may  be  used,  connecting  directly  to  mains 
when  such  cut-out  supplies  circuits  requiring  not 
more  than  iJliO  waits  energy. 

b.  When  placed  anywhere  except  on  switch- 
boards and  certain  places,  as  cargo  spaces,  holds, 
firerooms,  etc.,  where  it  is  impossible  to  run  from 
center  of  distribution,  they  shall  be  in  a  cabinet 
lined  with  fire-resisting  material. 

c.  Except  for  motors,  searchlights,  and  diving 
lamps,  shall  be  so  placed  that  no  group  of  lamps 
requiring  a  current  of  more  than  C  amperes  shall 
idtimately  be  dependent  on  one  cut-out. 

A  single-pole  covered  cut-out  may  be  placed  in  the 
miilding  when  same  contains  conductor  supplying  circuits 
ri-qiitring  not  more  than  230  watts  energy. 

Fixtures —       * 

((.  Shall  be  mounted  on  blocks  made  from  well- 
seasoned  lumber  treated  with  two  coats  of  white 
lead  or  shellac. 

b.  Where  exposed  to  dampness,  the  lamp  must 
be  surrounded  by  a  vapor-proof  globe. 

<■.     Where  exposed  to  mechanical  injury,  the  lamp 
must  be  surrounded  by  a  globe  protected  by  a  stout 
B  guard. 
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WIRING   ESTIMATES. 

77.  It  is  difficult  to  lay  down  any  reliable  rules  to  be 
used  in  estimating  the  cost  of  a  proposed  wiring  job.  As 
when  estimating  in  other  lines  of  work,  experience  must 
largely  be  relied  on.  The  prices  of  labor  and  material  vary 
so  widely  in  different  sections  of  the  country  that  any  general 
rules  might  lead  to  very  inaccurate  results.  Moreover,  these 
prices  are  always  fluctuating.  One  frequently  sees  state- 
ments to  the  effect  that  certain  kinds  of  wiring  can  be  done 
for  so  m  uch  per  lamp  or  so  much  per  outlet,  but  it  is  evident 
that  while  such  figures  might  be  fairly  correct  so  far  as  the 
average  of  a  large  number  of  installations  is  concerned,  they 
might  be  far  from  correct  when  applied  to  individual  cases. 

78.  The  only  way  in  which  to  obtain  a  fairly  close  esti- 
mate of  the  cost  of  a  given  installation  is  to  prepare  plans 
and  lay  out  the  circuits,  marking  the  size  of  the  wire  and 
the  capacity  of  the  various  switches  and  cut-outs  required. 
By  laying  out  these  plans,  the  amount  of  wire,  conduit,  and 
other  material  required  may  be  arrived  at  quite  closely. 
The  number  of  switches,  cut-outs,  etc.  can  be  counted  up 
andlhcir  cost  estimated.  In  measuring  the  length  of  the  cir- 
cuits, do  not  forget  to  take  into  account  tJie  wire  and  material 
necessary  for  running  up  and  down  walls  to  switches  or 
outlets.  Margin  should  be  allowed  for  such  material  as 
tape,  solder,  etc.  The  labor  item  will  depend  largely  on 
whether  the  building  to  be  wired  is  an  old  one  or  one  in  the 
process  of  construction,  also  on  the  style  of  wiring  used,  so 
that  the  labor  item  can  only  be  determined  from  a  careful 
ins]H:ction  of  the  premises  to  be  wired  and  e.^iperiencc  on 
work  of  a  similar  class.  An  ordinary  two-story  dwelling 
bruise  wired  on  the  concealed  knob-and-tube  system  will 
reipiire  about  <i  days'  labor  of  a  man  and  helper.  This  is  for 
a  medium  si/.ed  house.  Some  small  houses  will  require  loss 
than  this.  Old  houses  require  a  much  larger  expenditure  of 
labor,  bccauscthcrc  is  liable  to  be  considerable  molding  work 
to  he  done. 
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79.  As  stated  before,  it  is  unsafe  to  assume  a  certain 
cost  per  outlet  in  figuring  on  a  job  of  wiring  unless  one  has 
been  doing  considerable  work  of  a  certain  class.  As  a  rough 
guide,  however,  it  may  be  stated  that  ordinary  dwellings 
wired  on  the  concealed  knob-and-tube  plan  will  cost  from 
$2.00  to  $3.00  per  outlet.  This,  of  course,  does  not  include 
the  fixtures,  but  should  cover  the  cost  of  snap  switches  and 
porcelain  cut-outs.  Ordinary  exposed  wiring  can  usually  be 
run  for  $1.00  to  $1.75  per  drop,  including  rosettes,  cord,  and 
sockets,  though,  of  course,  very  much  depends  on  how  closely 
the  lights  are  grouped.  It  is  evident  that  if  the  lamps  are 
scattered  very  much,  the  cost  of  wire,  porcelain  fittings,  and 
labor  will  be  comparatively  high,  and  this  will  increase  the 
cost  per  drop.  Wiring  with  iron-armored  conduit  is  expen- 
sive, but  it  is  substantial.  It  is  difficult  to  give  any 
figures  as  to  the  cost  per  outlet.  For  small  installations, 
it  will  probably  cost  from  $5.00  to  $6.00  per  outlet;  in  large 
installations,  the  cost  will  be  somewhat  less.  The  student 
must  remember  that  these  figures  are  approximate  only. 
The  cost  in  different  localities  might  vary  widely  from  the 
above,  and  the  only  way  to  make  a  fairly  close  estimate  is  to 
lay  out  the  circuits,  make  a  list  of  the  material  needed,  and 
estimate  their  cost  and  the  probable  labor  required. 
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COMBIXIXG  SEVERAL  WEKINi 


STOUE,   UOHTEVG. 

1.     A  large  clectric-li^t  irisiallaticn  generally  requin^s 
many  kinds  of  wiring,  and  there  are  usually  sf>ecial  cxMuii 
tions  that  determine  vhat  kind  of  work  is  to  be  done  in  oao!) 
locality.     As  an  example,  we  wi]l  take  the  wirini:^  system  ot 
a  certain  department  store  as  it  was  actually  put  in. 

After  a  careful  study  of  the  conditions  exist injv,  tho  m,\n 
agers  of  the  store  concluded  that  enclosed-arc  lamps  \vr»v^ 
best  suited  for  the  general  illumination  of  their  slorrs,  aiul 
that  incandescent  lamps  should  be  installed  iov  iiso  i\\  ilowkw, 
in    closets   and  warerooms,  and  occasionally  in  8hn\v   win 
dows.     Accordingly,  the  premises  were  wirnl  lor  V.M)    v\\ 
closed-arc  lamps  and  500  incandescent  lamps  al   1 10  vnlfn 

Separate  feeder  wires  were  run  to  vixrU  of  ihi'  irn  iIi>|imi| 
ments.  The  dynamos  were  installed  in  the  fn^lnn  tuMMi  in 
the  subbasement,  one  machine  caj)ahlc'  of  Mnpiilyinii  »  Miniil 
for  one-third  of  the  lamps  to  hv.  iimimI  whrn  I|m>  Iiuo)  h<,(,. 
light,  and  one  generator  capable  of  opiMnnn>/  \wn  \\i\nU  hI 
the  lamps,  and  some  small  molorw,  When  Um*  »-nflM-  \ntu\ 
was  on,  the  two  generators  of)eraleil  |fi  ntMhiph' 

For  notice  of  copyright.  •«•  ti«jir«  imm*^niikHi\f  ftiiUiW^hn  hiH  ffM*  itMHk 
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2.  In  order  that  light  could  be  secured  in  ease  of  a  break- 
down of  the  plant,  service  wires  from  the  Edison  three-wire 
system  were  brought  into  the  basement  and  connected  to 
the  switchboard  in  such  a  manner  that  this  current  could  be 
used  in  an  emergency.  The  double-throw  switches  and  con- 
nections necessary  to  change  over  from  the  two-wire  to  the 


three-wire  system,  where  arc  kmips  are  used,  are  shown  in 
diagram  in  Fig.  1  (a).  A  special  four-pole  double-throw 
switch  was  installed.  If  there  were  no  arc  lamps  requiring 
that  the  direction  of  the  current  must  be  constant,  one 
three-pole  double-throw  switch,  connected  as  in  Fig.  1  {/>). 
would   have   been   sufficient.      The   use   of   the   Ihree-wire 
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system  in  this  case  involved  no  saving  in  the  lines,  as  that 
system  extended  only  to  the  main  switchboard,  beyond 
which  the  two-wire  system  was  used. 

3.  The  feeder  cables  were  run  from  the  engine  room  to 
the  centers  of  distribution  in  each  of  the  various  depart- 
ments, in  iron-armored  conduits,  one  cable  to  a  conduit. 
Cables  and  not  wires  were  used,  because  heavy,  solid  con- 
ductors cannot  be  drawn  into  conduits  with  bends  in  them. 
These  conduits  were  put  together  with  screw  couplings, 
with  corner  boxes  of  special  design  at  each  elbow,  as  the 
cables  were  very  heavy.  In  the  basement  the  conduits  were 
all  connected  together  by  locknuts  and  a  bus-bar,  which 
was  grounded  to  the  water  main  back  of  the  main  valve  on 
the  automatic-sprinkler  system  by  an  iron  rod,  which  was 
inserted  in  the  water  pipe  like  a  tap.  This  afforded  an 
excellent  ground. 

4.  Cut-out  cabinets  were  installed  in  each  -  department. 
When  in  conspicuous  places,  they  contained  marble  tablets 
upon  which  were  mounted  lugs  to  receive  fuses.  Enclosed 
fuse  links  were  used.  A  switch  was  provided  on  the  tablet 
for  each  circuit.  All  connecting  wiring  was  done  on  the 
back  of  the  board  and  was  thus  concealed.  The  tablets 
were  mounted  in  hardwood  cabinets  with  plate-glass  doors 
that  opened  by  sliding  downwards  like  a  window  sash.  In 
less  conspicuous  places,  the  cabinets  were  provided  with 
hinged  wooden  doors,  were  lined  with  asbestos,  and  provided 
with  porcelain  link  fuse  cut-outs  of  the  open-fuse  type.  For 
each  enclosed-arc  lamp  a  separate  branch  line  was  run  from 
the  nearest  cut-out  cabinet.  Large  departments  were  pro- 
vided with  several  cut-out  cabinets  connected  to  the  same 
pair  of  feeders. 

6,  The  branch  lines  were  run  in  various  ways;  some  of 
them  were  run  in  pipes,  some  were  run  in  molding,  and 
some  were  run  open.  Where  they  were  placed  in  pipes, 
twin  conductors  were  used  and  the  lamps  were  hung  from 
the  pipe  ends  by  means  of  an  insulating  joint.  All  the 
branch  pipes  were  connected  together  and   to   the   feeder 
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pipes  at  the  cut-out  cabinet  in  the  same  way  as  those  pipes 
were  connected  together  in  the  basement, 

6.  A  drop  of  3  volts  was  allowed  in  the  mains  and  a  drop 
of  1  volt  in  the  distributing  wires  for  incandescent  lamps. 
The  distributing  wires  for  the  arc  lamps  were  all  of  No.  H 
wire,  and  the  resistances  at  the  lamps  were  adjusted  so  as 
to  secure  80  volts  at  the  arc.  From  a  distribution  closet  in 
one  of  the  busiest  departments,  twin  conductors  of  No.  li 
wires  were  run  to  the  generator  switchboard,  in  an  iron 
pipe,  and  connected  to  a  voltmeter  on  the  switchboard.  The 
terminals  of  these  pressure  wires  in  the  closet  were  con- 
nected, with  proper  cut-out  protection,  to  the  terminals  of 
the  feeders.  The  dynamo  tender  was,  therefore,  able  from 
the  indications  of  the  voltmeter  to  regulate  his  machines 
so  as  to  maintain  a  constant  potential  of  110  volts  at  the 
cabinets. 

7.  The  show  windows  were  lighted  by  encloscd-arc  lamps 
hung  in  the  space  above  the  goods  displayed,  but  out  of  sight 
from  the  street.  Only  the  outer  globes  projected  below  the 
dust-proof  casing  surrounding  the  window  space.  Thus, 
brilliant  illumination  was  secured  with  very  little  glare  and 
with  great  economy.  The  lamps  were  so  arranged  that  they 
could  lie  lifted  out  of  tlie  globes  whenever  it  was  necessary 
to  trim  them  ;  but  tlic  globes  were  never  removed,  being 
cleaned  while  in  place.  This  arrangement  proved  very 
effective  and  convenient.  Additional  circuits  were  run  to 
various iininis  for  connecting  incandescent  lampsand  special 
apparatus  for  holiday  displays. 


TIlKATElt  WIRIXG. 

8.  The  wiring  of  theaters  and  entertainment  halls  pre- 
sents some  pectdiar  features.  All  the  lamps  in  the  theater 
must  be  controlled  from  one  point,  usually  on  the  right  wing 
of  the  stage.  The  gas  lighting  is  also  controlled  from  the 
same  point.  Most  of  the  lights  on  the  stage  arc  arranged 
in  borders,  or  long  rows,  which  contain  several  circuits  of 
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lamps  of  various  colors,  and  are  also  usually  provided  with 
dimmers.  Therefore,  the  stage  switchboard  of  a  large  the- 
ater is  quite  a  complicated  affair  compared  with  the  distri- 
bution closets  used  in  ordinary  work. 

In  cases  where  there  are  a  large  number  of  borders  of 
incandescent  lamps,  it  is  inconvenient  to  divide  them  into 
circuits  of  only  660  watts,  and  permission  can  usually  be 
obtained  from  the  Underwriters  to  place  more  lamps  on  such 
circuits  if  special  care  is  taken. 

9.  Stage  dimmei's  are  of  two  kinds,  resistance  boxes 
and  reactive  coils.  The  latter  are  more  economical,  but  can 
be  used  with  alternating  currents  only.  Care  must  be  taken 
to  locate  resistance  boxes  where  they  can  be  kept  cool  by 
the  circulation  of  fresh  air.  Equalizers  are  used  to  regu- 
late voltages  within  small  limits  when  large  currents  are 
used,  as,  for  example,  to  correct  unbalancing  of  the  three- 
wire  system.  They  are  made  of  small  resistance  and  large 
carrying  capacity.  The  following  Underwriters'  rules 
relate  to  the  installation  of  these  appliances : 

Resistance  Boxes  and  Equalize] 


Must  be  equipped  with  inetal  or  with  other  non- 
combustible  frames. 

The  word  "frame "in  this  section  relates  to  the  entire 
case  and  surroundings  of  the  rheostat,  and  not  alone  to  the 
upholding  supports. 

Reactive  Colls. — 

Reactive  coils  must  be  made  of  non-combustible 
material,  mounted  on  non-combustible  bases,  and 
treated,  in  general,  like  sources  of  heat. 

Most  of  the  dimmers  in  common  use  consist  of  a  resistance 
split  up  into  a  number  of  sections,  so  that  the  amount  of 
resistance  in  series  with  the  lamps  may  be  varied.  They 
are  made  in  a  number  of  different  forms,  some  of  them  being 
arranged  so  that  their  operating  handles  interlock  so  that 
they  may  be  operated  singly  or  together  in  any  desired  com- 
bination. Dimmers  are,  of  course,  connected  /;/  series  with 
the  circuits  that  they  are  intended  to  control. 
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VIRCNG   FOR  SPECIAJ.  PrBPOfiK^^ 

IOl  While  m  most  work  of  a  permanent  character  the 
doseC  sfsuta  uf  distribittion.  with  very  alight  drop  in  the 
braiM^  tmes,  is  the  proper  srstnn  to  adopt,  there  arc 
special  cuaditioDS  that  5»aocumt^  nuke  it  desirable  to  install 
wires  for  a  x-ery  low  price,  (or  temporary  or  occasional  use. 
In  such  iostallations,  the  efficiency  is  of  comparatively  little 
importance,  but  the  proper  regulatiun  and  uniform  voltage 
at  the  lamps  are  as  important  as  in  permanent  work. 

11.  Let  us  lake  a  case,  such  as  the  installation  of  a  thou- 
sand 8-candle power  lamps  for  decorative  purposes  around 
the  cornices  of  a  building  at  a  fair,  where  the  wires  will  be 
up  for  a  few  days  or  weeks  only.      All   the  lamps  are  to  be 


J 
1 


t 


[• 21/1 


Sis 


Imrned  at  the  same  time.  In  such  a  case,  it  may  be  eco- 
niimical  to  allow  as  much  as  I'i.a  per  cent,  drop  on  the  lines 
anti  ust;  mo-vult  lamps  on  ll".;.5-voIt  service.  We  will 
run  but  i)ne  pair  of  feeder  lines  around  the  building,  a  dis- 
tance of  I.OIX)  feet.  We  desire  to  have  the  drop  on  these 
lines  such  that  we  will  have  lUU  volts  at  any  point  between 
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them  and  112.5  volts  at  the  terminals.  This  can  only  be 
accomplished  by  running  the  lines  in  opposite  directions 
and  having  them  change  in  size  often  enough  to  secure 
practically  uniform  drop  per  foot.  Fig.  2  (a)  illustrates 
such  an  arrangement,  and  (d)  shows  the  same  thing  drawn 
in  a  straight  line  instead  of  a  square.  This  is  sometimes 
called  the  anti-parallel  method  of  feeding. 

12.  There  will  be  a  lamp  for  every  foot.  There  will  be 
required  40  branches  of  No.  14  wire,  with  25  lamps  on  each 
branch,  as  shown  in  Fig.  2  (b).  Weather-proof  wall  recepta- 
cles will  be  used.  The  total  length  of  wire  in  the  mains 
is  2,000  feet.  The  length  of  wire  to  any  given  branch  is 
lyOOO  feet;  hence,  the  rate  of  drop  must  be  12.5  volts  per 
1,000  feet.  On  account  of  the  method  of  feeding  from  each 
end,  it  is  easily  seen  in  Fig.  2  (U)  that  the  length  of  wire 
through  which  the  current  flows  to  any  point  d  must  be 
1,000  feet.  The  currents  that  various  wires  will  carry  with 
a  drop  of  12.5  volts  are  as  follows: 

Size  of  Wire.       Volts  Drop.  ff/!!^oFeft.  Amperes. 

No.  14  12.5        -^      2.521        =        4.96 

No.  12  12.5 


No.  10  12.5 

No.    8  12.5 

No.    6  12.5 

No.    5  12.5 


1.586  =  7.88 

.997  =  12.5 

.627  =  19.9 

.394  =  31.7 

.313  =  39.9 

No.    4  12.5        -T-        .248  =  50.4 


The  amperes  for  larger  wires  can  be  be  found  by  consult- 
ing the  tables  in  Interior  Wiring,  Part  2. 

Since  the  lamps  are  to  be  8  candlepower,  there  will  be 
about  1  ampere  for  every  4  lamps,  and  consequently  for 
every  4  feet  of  line  (2  wires).  In  making  up  a  conductor 
to  have  nearly  uniform  drop,  it  will  be  necessary  for  us  to 
compromise  for  all  points  that  do  not  exactly  correspond 
with  the  above-calculated  current  values.  For  instance,  if 
we  join  No.  12  wire  to  No.  14  wire,  it  must  be  at  a  point 
where  there  is  betweer  ^  amperes.     If  we  select 


Its] 
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Hence,  in  the  first  case  if  we  have  a  c-rrent  c:  TS"*  :^7z.ztrt<^ 
3*2  feet  from  the  end  and  a  currcr.t  ■  f  4->"  a:i:'»rr-r>  l-    fr^t 


from  the  end,  the  joint  will  be  tr«»  — 


the  end  and  "JO  feet  of  No.  14  wire  wrll  i-r  rt-zuir-f.     Al=-,  :r. 

the  case  of  the  No.  s  and  No.  r»  wires,  wt  h^vr  I-*  -*  im'-tr-r- 

80  feet  from  the  end  and  31.  T  amperes  111  r-rt:  :r  rr.  '.'r^-z  -rr. : 

'^T  —  •" 
hence,  the  joint  between  the  two  >:zr>  will  ir:  '*-'  —  '\ 


=  103.5  feet  from  the  end.  In  the  tii'.r.  th-r  T.*::^r^r<^.  tv-zr. 
feet  are  given,  so  that  this  is  taker,  as  Iv-t.  I.-i  :hr:  :a.v:  : 
the  0000  wire,  the  distance  from  the  end  c:  th-r  '.ir.^  ',  zzi- 
sponding  to  a  drop  of  1^.5  volts  works  out  I.-^ri  frrrt.  :h  . -j^h. 
of  course,  there  would  not  be  quite  as  lar^r:  2t  .irrrrr.t  a- 
255.1  amperes  because  the  line  car.r.ot  it  Ir-i'-^r  \zjxz. 
1,000  feet.  This  quantity  is.  however,  ustd  :.-.  f-rtrrniir.ir  .; 
the  distance  (915  feet)  of  the  end  of  the  •»•  Tt  :r^  :  r  .t.  tr.^ 
end  of  the  line.  The  distance  of  the  ^.vA  i  tr.^  ■-->.  -*:r^ 
must,  of  course,  be  1,000  feet  because  the  ■_  rr.:  •:  :^  I.  •  V  i^.-r. 
long.  The  lengths  \xi  column  5  art  ohtair.*: :  'y  ^M-.t.-i  - 
ting  the  successive  values  of  column  4.  :  r  'ri^in-.:,!':  •  S  —  41 
=  24,  104  —  «5  =  39,  etc. 

13.  Cut-outs  of  the  foll-^winz  arr.:yrr':s  raoa^.::v  •*.:>: 
have  to  be  installed : 

15  amperes,  to  protect  N^^rs.  14.  I'i.  and  Iv. 

65  amf)eres,  to  protect  ^^f^..  ^.  '',.  5.  4.  and  '.',. 
130  amperes,  to  protect  Nos.  2.  1.  and  0. 
160  amperes,  to  protect  No.  «»•>. 
250  amf)eres,  to  protect  Nos.  0*>;  and  '^v-'^". 

This  statement  assumes  that  wrathtr  ^r'/^yf  v,  :r*:  >  •»  • 
used.  Fig.  3  is  a  diagram  of  a  p^.rtion  of  t:.':  v/irir.;/  :. 
place,  showing  the  connections  of  cut-^vjf:;. 

14,  Another  method  of  wiring  for  frmi^/rary  -A'/rk  :-,  •'/ 
put  up  wires  on  the  feeder  system  jist  lar^':  *:r,^/y^h  v, 
carry  the  current,  and  then  calculate  in*:  f\r',\f  and  in-.ta!. 
lamps  of  the  required  voltage.     This  is  a  simple  and  v^rry 
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cheap  method.  In  the  case  o£  the  border  lamps  just  con- 
sidered, if  wired  in  this  way,  we  could  use  eight  pairs  of 
feeders  of  No.  10  wire,  with  125  lamps  per  feeder.     If  we 


,r6J^nv>f/t3  jrrj. 


|-TT'n--n-n  ii  n  » 

^aC.PLomia. 


arrange  the  feeders  as  shown  in  Fig.  4,  the  lengths  of  these 
feeder  lines  and  the  drop  on  each  would  then  be  roughly  as 
follows,  if  each  lamp  required  ^  ampere.     Current  in  each 


feeder  is -' Jfi  amperes,  and  No.  10  wire  has  a  resistance  <if 
about  1  ohm  per  thousand  feet.  The  approximate  lenjjth 
of  the  feeders  will  be  as  given  below: 

2  lines  435  feet  (3  wires)  long,  2(1.(1  volts  drop. 

2  lines  300  feet  (2  wires)  l<mg,  1R.8  volts  drop. 

2  lines  175  feet  ("i  wires)  long,  10.9  volts  drop. 

2  lines  5(1  feet  ("J  wires)  limg,  :i.  1  vohs  drop. 
The  drop  in  the  first  case  -  J  p-  X  .■125  X  2  =  aU.O.  The 
others  are  found  in  a  similar  manner.  In  the  distribution, 
about  1  vnlt  would  he  lost.  Consequently,  if  125  volts  are 
supplied,  the  lamps  should  have  voltages  of  97,  105,  IKJ, 
and  121  if  each  hmip  requires  ^  ampere. 
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still  be  furnished  with  uniform  and  steady  light.  The  sugges- 
tions here  given  are  merely  to  set  the  student  thinking 
about  the  matter  of  saving  material.  By  making  every 
installation  a  matter  of  special  study,  until  he  has  thoroughly 
mastered  every  detail  of  the  business,  he  will  discover  many 
ways  of  economizing  labor  and  material  that  cannot  be 
brought  to  his  attention  in  any  other  way.  Before  using 
any  unusual  method,  however,  he  should  make  certain  that 
there  is  no  objection  on  the  part  of  the  Underwriters  or  of 
the  Fire  Department  to  what  he  proposes  to  do. 


HIGH-POTENTIAL  SYSTEMS. 

16,  The  foregoing  rules  have  applied  to  systems  using 
550  volts  or  less.  For  pressures  over  550  volts,  the  following 
rules  apply : 

HIGH-POTENTIAL  SYSTEMS. 

550  TO  3,500  Volts. 

A  tiy  circuit  attached  to  any  machine  or  cofnbina- 
tion  of  machines  which  develops  a  difference  of  poteji- 
tial  between  any  two  wires  of  over  550  volts  and 
less  than  3,500  volts  shall  be  considered  as  a  high- 
potential  circuit  and  as  coming  under  that  class, 
unless  an  approved  transforming  device  is  used  which 
cuts  the  difference  of  potential  down  to  550  volts  or 
less. 

Wires— 

a.  Must  have  an  approved  rubber-insulating 
covering. 

The  thickness  of  the  insulating  walls  must  not  be 
less  than  those  given  in  the  following  table  for 
B.  &  S.  gauge  sizes: 

From  14  to  1.  inclusive,       ^^\ 

From    0  to  500,000  C.  M.,  g^/  covered  by  a  tape  or 
a  braid. 

Larger  than  500, 000  C.  M.,  ,*/  covered  by  a  tape  or 
a  braid. 

J.    ULSi 
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The  reqiiiremenis  as  to  insulation  and  break- 
down resistance  for  wires-for  iow-potential  systems 
shall  apply,  with  the  exception  that  an  insulation 
resistance  of  not  less  than  300  megohms  ]icr  miJc 
shall  he  required, 

b.  Must  be  always  in  plain  sight  and  never  en- 
cased except  where  required  by  the  Inspection 
Department  having  jurisdiction. 

c.  Must  be  rigidly  supported  on  glass  or  porce- 
lain insulators,  which  raise  the  wire  at  least  1  inch 
from  the  surface  wired  over,  and  must  be  kept 
about  S  inches  apart. 

//.  Must  be  protected  on  side  walls  from  mechan- 
ical injury  by  a  substantial  boxing,  retaining  an  air 
space  of  1  inch  around  the  conductors,  closed  at  the 
lop  (the  wires  passing  through  bushed  holes)  and 
extending  not  less  than  7  feet  from  the  floor.  When 
crossing  floor  timbers  in  cellars  or  in  rooms  where 
they  might  be  exposed  to  injury,  wires  must  be 
attached  by  their  insulating -supports  to  the  under 
side  of  a  wooden  strip  not  less  than  i  inch  in 
thickness. 

1 7.  It  is  never  advisable  to  bring  high-potential  wires 
into  a  building  when  it  can  be  avoided.  The  danger  to  life 
due  to  their  presence  is  greater  than  the  fire  hazard.  An 
arc  on  a  high -potential  circuit  carrying  much  current,  oiict^ 
when  the  points  between 
I  inches;  and  a  lightning 
in  arc.  High-potential 
alternating.  Series-arc 
tant  rontinuous-ciirrent 
in  tlic  United  States. 
t  is  seldom  necessary  to 
bring  any  high-potential  wires  inside  of  buildings.  Where 
alternating  current  is  used,  the  line  pressure  is  lowered  by 
means  cjf  transformers,  and  it  is  never  necessary  to  bring 
the  high-pressure  wires  farther  within  than  to  substations  or 
transformer  rooms. 
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an  iron  core  built  up  of  thin  sheets  of  iron.  One  of  these 
coils,  t\iQ primary,  has  a  comparatively  large  number  of  turns 
and  is  connected  to  the  high-pressure  line.  The  other  coil, 
the  secondary,  has  a  small  number  of  turns  and  is  connected 
to  the  lamps  or  other  ^devices  to  be  supplied  with  current. 
The  high-pressure  current  flows  through  the  primary  and 
sets  up  an  alternating  magnetism  through  the  secondary  and 
induces  an  E.  M.  F.  that  is  proportional  to  the  ratio  of  the 
number  of  turns  in  the  secondary  coil  to  the  number  of  turns 
in  the  primary.  For  example,  if  the  primary  had  500  turns 
and  the  secondary  50,  the  secondary  voltage  would  be  -^^^^, 
or  j^jj  the  primary  voltage,  and  if  the  primary  were  supplied 
at  1,000  volts,  the  secondary  would  deliver  100  volts.  The 
following  rules  relate  to  transformers.  Transformers  of  good 
reliable  manufacture  will  stand  all  the  tests  named,  but  some 
of  the  old  types  made  a  number  of  years  ago  will  not. 
Special  attention  should  be  paid  to  the  rules  governing  the 
installation  of  transformers  in  buildings.  Cut-outs  on  such 
circuits  must  be  of  some  pattern  especially  designed  and 
approved  for  the  purpose.  Ordinary  fuse  blocks  should  not 
be  used  for  high  voltages. 

19,     Rules   Kelatlng    to    Transformer    Constructloii 
and  Installation. — 

Transformers — 

a.  Must  not  be  placed  in  any  but  metallic  or 
other  non-combustible  cases. 

b.  Must  be  constructed  to  comply  with  the  fol- 
lowing tests: 

1.  Shall  be  run  for  8  consecutive  hours  at  full 
load  in  watts  under  conditions  of  service,  and  at 
the  end  of  that  time  the  rise  in  temperature,  as 
measured  by  the  increase  of  resistance  of  the  pri- 
mary coil,  shall  not  exceed  135°  Fahrenheit. 

2.  The  insulation  of  transformers  when  heated 
shall  withstand  continuously  for  5  minutes  a  dif- 
ference of  potential  of  10,000  volts  (alternating) 
between  primary  and  secondary  coils  and  between 
the  primary  coils  and  core,  and  a  no-load  *'run" 
at  double  voltage  for  30  minutes. 
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c.  Must  not  \k  placed  inside  of  any  building, 
excepting  central  stations,  unless  by  special  i>er- 
mission  of  the  Inspection  Department  having  juris- 
diction. 

d.  Must  not  be  attached  to  the  outside  walls  of 
buildings,  unless  separated  therefrom  by  substantial 
supports. 

{^WhcH permitted iHsiiii'  buildings.') 

a.  Must  be  located  at  a  point  as  near  as  pos- 
sible to  that  at  which  the  primary  wires  enter  the 
building. 

b.  Must  be  placed  in  an  enclosure  consirucled  of 
or  lined  with  fire-resisting  material;  the  enclosure 
to  be  used  only  for  this  purpose,  and  to  be  kept 
securely  locked  and  access  to  the  same  allowed  only 
to  responsible  persons. 

c.  Must  be  effectually  insulated  from  the  ground 
and  the  enclosure  in  which  they  are  placed  must  be 
practically  air-light,  except  that  it  shall  be  thor- 
oughly ventilated  to  the  outdoor  air,  if  possible, 
through  a  chimney  or  flue.  There  should  be  at 
least  (i  inches  of  air  space  on  all  sides  of  the  trans- 

30.     The   greatest   danger   to   be   feared  in   the  use   of 

raiisformers    is    the  groumling    of    the    primary    upon    the 
ccoLuhiry  wires.     This  may  occur   cither  on  m'coiiiit   of  a 

lecause  i.f  li|;litniiig  striking;  the  ;iri!ii:iry  Hiri'S,      Kfticicnl 
-n.tecti-.n  aj,'ainst   lighlnint,'  is  ;in  .■^scntial  part  of  the  oiit- 
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liuil-lV.lfiitlal   Arc    l.iiiii|^.— The  use  of  : 


Limps  ill  multiple  on  l..w-potcntial  circuits  has  already 
lifcii  CMtisidLTcd.     Wiring  for  these  lamps  is  done  in  pracii- 

sj>eiiLil  iMiiHiieiit  is  necessary.  'X\w.  fullnwing  s|)ecial  rules 
rt-Kiti'  t'>  an-  lamjis  ripcratcd  on  Kiw-prcssurc  circuits;  a  fcw 
nilcs  relating  tu  ekrtrjc  healers  are  also  given,  as  they 
belong  to  the  same  class  of  work. 
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Arc  rtlg:lits  on  Iiow-Potential  Circuits — 

a.  Must  have  a  cut-out  for  each  lamp  or  each 
series  of  lamps. 

The  branch  conductors  should  have  a  carrying  capacity 
about  50  per  cent,  in  excess  of  the  normal  current  required 
by  the  lamp  to  provide  for  heavy  current,  required  when  lamp 
is  started  or  when  carbons  become  stuck,  without  overf using 
the  wires. 

b.  Must  only  be  furnished  with  such  resistances 
or  regulators  as  are  enclosed  in  non-combustible 
material,  such  resistances  being  treated  as  sources 
of  heat.  Incandescent  lamps  must  not  be  used  for 
resistance  devices. 

c.  Must  be  supplied  with  globes  and  protected 
by  spark  arresters  and  wire  netting  around  globe, 
as  in  the  case  of  arc  lights  on  high-potential  cir- 
cuits. 

Electric  Heaters — 

a.  Must,  if  stationary,  be  placed  in  a  safe  situa- 
tion, isolated  from  inflammable  materials,  and  be 
treated  as  sources  of  heat. 

b.  Must  each  have  a  cut-out  and  indicating 
switch;  i.  e.,  a  switch  to  indicate  whether  the  cur- 
rent is  **on"  or  **off." 

c.  Must  have  the  attachments  of  feed-wires  to 
the  heaters  in  plain  sight,  easily  accessible  and  pro- 
tected from  interference,  accidental  or  otherwise. 

d.  The  flexible  conductors  for  portable  appara- 
tus, such  as  irons,  etc.,  must  have  an  approved 
insulating  covering. 

e.  Must  each  be  provided  with  name  plate,  giv- 
ing the  maker's  name  and  the  normal  capacity,  in 
volts  and  amperes. 

22,  Constant-Current  Arc  Xjamps. — Arc  lamps  used 
for  street  lighting  are  nearly  always  run  in  series.  With 
this  arrangement  the  same  current  flows  through  all  the 
lamps  and  this  current  has  to  be  maintained  at  a  constant 
value  by  the  generator,  no  matter  how  many  lights  may  be 
in  operation.  The  voltage  generated  by  the  dynamo  there- 
fore varies  with  the  load.  For  example,  suppose  each  lamp 
requires  50  volts ;  then,  if  10  lamps  were  in  operation,  the 
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generator  would  have  to  supply  a  pressure  of  SOO  volts;  if 
50  lamps,  3,ft00  volts;  and  so  on.  The  current  has  to  be 
forced  through  all  the  lamps  in  series;  hence,  the  voltage 
increases  directly  as  the  load,  while  the  current  remains 
constant.  This  is  just  the  reverse  of  the  constant -potential 
system.  It  is  easily  seen  that  if  the  number  of  lamps  is  at 
all  large,  the  pressure  applied  to  the  circuit  has  to  be  very 
high;  hence,  arc  lamps  connected  to  such  a  circuit  must  be 
treated  as  being  on  a  high-pressure  system  and  wired  up 
accordingly.  Series-arc  lamps  are  used  for  indoor  illumina- 
tion, though  not  as  extensively  as  they  once  were. 

23.  In  all  constant-potential  installations,  protective 
devices  arc  installed  to  ojien  the  circuit  whenever  the  lines 
are  overloaded  or  the  apparatus  does  not  operate  properly. 
In  eonslant-CHrrent  ivorking,  t/tc  circuit  must  never  be  cpeued 
while  the  dynamo  is  running.  The  protective  devices  used 
on  const  ant- potential  working  must,  therefore,  never  be 
installed  on  constant -current  circuits. 

All  series-arc  apparatus  is  thrown  out  of  circuit  by  shunt- 


ing or  short-circuiting  the  main 
lines  upon  which  the  apparatus  is  conn 
the  fullmvinjf  rule  must  be  complied  v 
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Wires   for   Use   on   Constant-Current   Series-Are 
Systems — 

a.  Must  have  an  approved  rubber  insulating 
covering. 

b.  Must  be  arranged  to  enter  and  leave  the  build- 
ing through  an  approved  double-contact  service 
switch,  mounted  in  a  non- combustible  case,  kept 
free  from  moisture  and  easy  of  access  to  police  or 
firemen.  So-called  **snap  switches "  must  not  be 
used  on  high-potential  circuits. 

c.  Must  always  be  in  plain  sight  and  never 
encased  except  when  required  *by  the  Inspection 
Department  having  jurisdiction. 

d  Must  be  supported  on  glass  or  porcelain  insu- 
lators, which  separate  the  wire  at  least  1  inch  from 
the  surface  wired  over,  and  must  be  kept  rigidly  d^t 
least  8  inches  from  each  other,  except  within  the 
structure  of  lamps,  on  hanger  boards,  in  cut-out 
boxes,  or  like  places,  where  a  less  distance  is  neces- 
sary. 

e.  Must,  on  side  walls,  be  protected  from 
mechanical  injury  by  a  substantial  boxing,  retaining 
an  air  space  of  1  inch  around  the  conductors,  closed 
at  the  top  (the  wires  passing  through  bushed  holes), 
and  extending  not  less  than  7  feet  from  the  floor. 
When  crossing  floor  timbers  in  cellars  or  in  rooms, 
where  they  might  be  exposed  to  injury,  wires  must 
be  attached  by  their  insulating  su|^prts  to  the 
under  side  of  a  wooden  strip  not  less  than  ^  inch  in 
thickness. 

The  size  of  arc  wires  must  not  be  smaller  than  that 
required  by  the  Underwriters  for  the  current  used ;  but  the 
wires  should  be  much  larger,  on  account  of  the  loss  in  the 
lines  and  for  mechanical  strength.  They  should  be  of  the 
same  size  as  the  wires  used  by  the  lighting  company  in  its 
outside  work,  but  must  be  rubber-covered,  not  weather- 
proof. 

26,  The  tendency  is  to  connect  more  and  more  arc 
lamps  on  a  series  circuit.  In  the  early  days  of  electric 
lighting,  arc  machines  were  made  to  operate  1,  2,  or  3 
lamps.  The  number  was  increased  to  'M)  or  50,  and  finally 
to   GO,   where    the    limit    remained    for   a    few    years.     But 
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machines  are  now  built  to  operate  as  many  as  125  lamps  on 
a  single  circuit,  and  are  in  qnite  general  use,  although  the 
Underwriters  prohibit  the  bringing  of  circuits  of  more  than 
3,500  volts  (70  series-arc  lamps)  within  buildings.  With 
45  volts  at  the  arc  and  5  volts  lost  on  the  line  for  each  lamp. 
we  have  on  a  125-lamp  machine  a  total  potential  difference 
of  6,250  volts.  A  shock  received  through  the  human  body 
from  such  a  circuit  is  almost  sure  to  be  fatal.  Too  much 
care  cannot  be  taken  not  only  to  insulate  the  wires  and 
locale  them  out  of  reach,  but  also  to  insulate  the  lamps. 
They  should  be  hung  from  insulated  supports,  and  not 
hooks  screwed  into  the  ceiling. 

Hauler  Boanls — 

Must  be  so  constructed  that  all  wires  and  current- 
carrying  devices  thereon  shall  be  exposed  to  view 
and  thoroughly  insulated  by  being  mounted  on  a 
non-combustible,  non-absorptive,  insulating  sub- 
stance. All  switches  attached  to  the  same  must  be 
so  constructed  that  they  shall  be  automatic  in  their 
action,  cutting  off  both  poles  to  the  lamp,  not  stop- 
ping between  points  when  started,  and  preventing 
an  arc  between  points  under  all  circumstances. 

Arc  Ijimiw^ 

rt.  Must  bt:  jirovidcd  with  reliable  st..ps  to  pre- 
vent carbons  from  fLiIling  out  in   case  the  clamps 

/'.  Must  be  carefully  insulated  from  the  circuit 
in  all  their  exposed  parts. 

r.  Must,  for  constant-current  systems,  be  pro- 
vitlcd  with  an  approvid  hand  switch,  also  an  auto- 
matic switch  that  will  shunt  the  current  around  the 
carbiiiis,  should  they  fail  to  feed  propL-rly. 

Tlic  hand  switch  to  be  approved,  if  placed  any- 
where except  cm  the  lump  itself,  must  comply  with 
recpiirements  for  switches  on  hanger  hoards. 

li.      Must  be  carefully  isolated  from  inflammable 

(■.  Must  be  i)rovided  at  all  times  with  a  glass 
globe  surroundinj:^  the  arc,  securely  fastened  upon 
a  closed  base.  No  broken  or  cracked  globes  to  be 
used. 


§28  INTERIOR   WIRING.  19 

f.  Must  be  provided  with  a  wire  netting  (having 
a  mesh  not  exceeding  \\  inches)  around  the  globe, 
and  an  approved  ^^2Lx\i  arrester,  when  readily  inflam- 
mable material  is  in  the  vicinity  of  the  lamps,  to 
prevent  escape  of  sparks,  melted  copper,  or  carbon. 
It  is  recommended  that  plain  carbons,  not  copper 
plated,  be  used  for  lamps  in  such  places. 

Arc  lamps,  when  used  in  places  where  they  are  exposed 
to  flyings  of  easily  inflammable  material,  should  have  the 
carbons  enclosed  completely  in  a  globe  in  such  manner  as  to 
avoid  the  necessity  for  spark  arresters. 

For  the  present,  globes  and  spark  arresters  will  not  be 
required  on  so-called  "inverted-arc"  lamps,  but  this  type  of 
lamp  must  not  be  used  where  exposed  to  flyings  of  easily 
inflammable  materials. 

g.  Where  hanger  boards  are  not  used,  lamps 
must  be  hung  from  insulating  supports  other  than 
their  conductors. 

//.  Spark  arresters  must  so  close  the  upper  orifice 
of  the  globe  that  it  will  be  impossible  for  any  sparks 
thrown  off  by  the  carbons  to  escape. 

26,     Incandescent   Xianips   on    Series   Circuits. — The 

use  of  incandescent  lamps  connected  in  series  for  street 
lighting  is  quite  extensive,  but  such  lamps  are  rarely  brought 
inside  of  buildings.  When  they  are,  the  rules  for  other 
classes  of  high-potential  work  apply,  as  well  as  the  following: 

Incandescent  Ijamps  on  Series  Circuits — 

a.  Must  have  the  conductors  installed  as  required 
by  the  rules  for  constant-current  arc-lamp  wiring 
and  each  lamp  must  be  provided  with  an  automatic 
cut-out. 

b.  Must  have  each  lamp  suspended  from  a 
hanger  board  by  means  of  rigid  tube. 

c.  No  electromagnetic  device  for  switches  and 
no  system  of  multiple-series  or  series-multiple  light- 
ing will  be  approved. 

d.  Under  no  circumstances  can  they  be  attached 
to  gas  fixtures. 

Incandescent  lamps  used  on  series  circuits  must  be  designed 
and  provided  with  fittings  designed  for  that  purpose.  The 
rule  against  series-multiple  connections  means  that  a  con- 
nection such  as  ten  52-volt  lamps  in  multiple  must  not  be 
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placed  in  series  with  a  10-ampere  arc-lighting  system.  The 
burning  out  of  I  or  3  incandescent  lamps  on  such  a  system 
would  throw  too  much  current  on  the  iithers,  burn  them 
out,  and  destroy  the  sockets.  Many  other  reasons  forbid 
such  connections. 


WlltlXr.   FOR   Er.KCTKIC   MOTORS. 

27.  The  wireman  is  frequently  called  upon  to  connect 
up  motors.  These  are  nearly  always  operated  at  constant 
potential,  and  the  wires  are  installed  as  for  other  wiring  of 
this  kind.  They  are  usually  operated  on  110,  2'iO.  or 
500  volts  direct  current  or  ou  similar  voltages  alternating 
current.  Alternating-current  motors  are  usually  run  on 
either  the  two-  or  three-phase  system.  Care  should  be 
taken  to  see  that  the  interior  wiring  has  sufficient  capacity, 
and  in  order  to  determine  this,  the  current  taken  by  the 
motor  at  full  load  should  be  known. 

It  is  well  to  allow  a  liberal  amount  of  current  for  small 
motors,  because  of  their  low  efficiency.  The  efficiency  of  a 
large  motor  can  be  learned  from  the  manufacturer;  and  high- 
grade,  high-priced  machines  are  more  efficient  than  cheap 
ones.  This  is  a  most  important  consideration  to  the  pur- 
chaser. For  the  purposes  of  wiring,  however,  it  is  safe  to 
figure  90  per  cent,  efficiency  for  motors  over  10  horse- 
power in  capacity,  85  per  cent,  for  motors  of  5  horsepower 
or  over,  80  per  cent,  for  motors  of  H  horsepower  or  over, 
75  per  cent,  for  motors  of  I  horsepower,  and  lower  efficien- 
cies for  motors  of  smaller  sizes.  There  are  74ti  watts  to  a 
horsepower.  Alternating-current  motors  take  somewhat 
more  current  for  the  same  output  than  those  operated  on 
direct  current.  The  accompanying  table  gives  the  approxi- 
mate value  of  the  current  in  the  lines  for  motors  of  various 
sizes  and  voltages.  These  figures  would  vary  somewhat  in 
individual  cases,  because  the  efficiency  and  other  character- 
istics of  motors  vary  considerably.  The  current  taken  by 
a  motor  at  full  load  is  usually  given  by  the  makers  on  the 
name  plate  of  the  machine.  If  it  is  ni>t  given,  the  table  will 
serve  as  a  guide  in  determining  the  size  of  wire  to  be  used. 
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After  the  full-load  current  of  the  motor  has  been  deter- 
mined, the  size  of  the  wire  is  arrived  at  in  the  same  way  as 
if  the  wiring  were  being  done  for  lights. 

88.  Motors  should  not  have  much  drop  in  the  wiring,  or 
they  will  not  regulate  properly;  but  drop  upon  motor  cir- 
cuits does  not  affect  motor  regulation  tn  the  same  extent  as 
drop  on  lighting  circuits  affects  the  light.      The  following 

rules  relate  to  the  installation  of  motors; 

rt.  Must  be  insulated  on  floors  or  base  frames, 
whifh  must  be  kept  filled  to  prevent  absorption  of 
moisture,  and  must  be  kept  clean  and  dry.  Where 
frame  insulation  is  impracticable,  the  Inspection 
Department  having  jurisdiction  may,  in  writing, 
permit  its  omissitin,  in  which  case  the  frame  must 
be  permanently  and  effectively  grounded. 


sbuulil  he  surrnunded  with  an  insulated  platform.  This  may 
be  made  of  wuod  mounted  on  insulating  supports  and  so 
arranged  that  a  man  must  stand  upon  it  in  order  to  touch 
any  part  of  the  machine. 

In  case  of  a  machine  havinR  an  insulated  frame,  if  there 
is  tnmhle   fnim  static   electricity  due  to   Iwlt   friction,    it 

a  very  lii^h  VL-sistajii-c  nf  mil   less  than  21X1  cilims  pir  v.ilt 


h,-  leads  ..r  hr:meli  cir.uils  should  1",-  dcsiftned  t 

lal.dcaiiacilv'.f  lhcm<it..r  toim.vide  for  the  im 
luading  ..f  liie  motor  at  limes  without  overfusi 


c.  The  motor  and  resistance  box  must  be  pro- 
tected by  a  cut-out  and  controlled  by  a  switch,  said 
switch  plainly  indicating  whether  "on"  or  "off." 
Where  \  horsepower  m-  less  is  used  on  low-tenKion 
circuits,  a  single-pole  switch  will  he  accepted.  The 
switch  and  rheostat  must  be  Incated  within  sit;ht 
of  the   motor,    except  in  such  cases  where  special 
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permission  to  locate  them  elsewhere  is  given,  in 
writing,  by  the  Inspection  Department  having 
jurisdiction. 

d.  Must  have  their  rheostats  or  starting  boxes 
located  so  as  to  conform  to  the  requirements  of 
other  resistance  boxes. 

In  connection  with  motors,  the  use  of  circuit-breakers, 
automatic  starting  boxes,  and  automatic  underload  switches 
is  recommended,  and  they  must  be  used  when  required. 

e.  Must  not  be  run  in  series-multiple  or  multiple- 
series,  except  on  constant-potential  systems,  and 
then  only  by  special  permission  of  the  Inspection 
Department  having  jurisdiction. 

/.  Must  be  covered  with  a  waterproof  cover 
when  not  in  use,  and  if  deemed  necessary  by  the 
Inspection  Department  having  jurisdiction,  must  be 
enclosed  in  an  approved  case. 

From  the  nature  of  the  question  the  decision  as  to  what  is 
an  approved  case  must  be  left  to  the  Inspection  Department 
having  jurisdiction  to  determine  in  each  instance. 

g.  Must,  when  combined  with  ceiling  fans,  be 
hung  from  insulated  hooks,  or  else  there  must  be 
an  insulator  interposed  between  the  motor  and  its 
support. 

//.  Must  each  be  provided  with  a  name  plate, 
giving  the  maker's  name,  the  capacity  in  volts  and 
amperes,  and  the  normal  speed  in  revolutions  per 
minute. 

39.  Motor  starting  boxes  with  automatic  release,  to 
open  the  circuit  if  the  motor  is  overloaded  or  if  the  current 
is  cut  off  for  any  reason,  such  as  the  opening  of  the  main 
switch,  have  come  into  very  general  use.  They  are  a  very 
great  protection  to  the  motors,  and  are  much  more  conveni- 
ent than  the  old  starting  boxes.  Automatic  circuit-breakers 
can  be  installed  to  answer  very  nearly  the  same  purpose. 

The  Underwriters'  rules  prohibit  the  operation  of  motors 
or  lights  from  street-railway  circuits,  except  in  street  cars, 
car  barns,  or  railway  power  houses.  The  reason  for  this  is 
that  one  side  of  a  railway  system  is  grounded  to  the  rails, 
and  the  installation  of  motors  or  lights  would  always  intro- 
duce more  or  less  fire  risk. 
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30.  Electric  bells,  liurglar  alarms,  and  electric  gas- 
lighting  appliances  bring  in  another  class  of  wiring  with 
which  the  wireman  has  to  deal.  If  these  appliances  are  put 
in  properly,  they  may  be  a  great  convenience;  it  not.  they 
arc  continually  getting  out  of  order  and  may  prove  to  be  a 
n-gular  nuisance.  This  class  of  work  is  often  slighted  and 
pHt  np  in  a  cheap  manner,  but  it  will  pay  in  the  end  to 
have  it  put  up  carefully.  The  bells  and  annunciators  which 
show  from  what  point  the  bell  was  rung  arc  operated  by 
primary  batteries,  which  are  of  low  voltage,  and  no  tire 
hazard  is  introduced  if  the  bel!  wires  are  kept  well  separated 
and  insulated  from  electric  light  and  power  wires. 


TUK  ELECTIUC  RSLI.. 

31.     Tiie  electric  bell  is  a  very  simple  piece  of  apparatus. 
In  Fig.  6  is  shown  a  type  of  skeleton  bell,  in  which  all  the 
parts  are  visible.      The  battery  wires 
-I      CO      ccted  at  the  terminals  t,  /', 
1     1  urse  of  the  current  is  as 
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t  screw  s,  whi 
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When  no  curr 

ent  is  pass- 
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armature  is  lick 

away  fruiu 

Hits   ln'ciinu-  t-ucrgi/ud    and  attract 
which  swings  about  the  pivot  /<,  causing  the 
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hammer  h  to  strike  the  bell.  This  movement  breaks  the 
circuit  between  s  and  /,  and  the  iron  cores  being  thereby 
demagnetized,  the  spring  c  draws  the  armature  away,  when 
the  spring  /  again  touches  the  screw  s^  completing  the  cir- 
cuit. As  long,  then,  as  the  battery  current  is  free  to  flow, 
this  vibration  of  the  armature  and  hammer  will  continue. 
The  tension  of  the  release  spring  c  may  be  changed  to  suit 
the  strength  of  the  battery  by  means  of  the  regulating 
screw  r,  which  is  provided  with  nuts  for  this  purpose  on  each 
side  of  the  supporting  pillar.  The  bell  mechanism  is  usually 
enclosed  to  prevent  entrance  of  dust  or  insects,  which  may 
interfere  with  the  working  of  the  bell  by  lodging  on  the 
contact  points,  thereby  preventing  the  current  from  passing 
through  the  magnets. 

32,  The  bell  just  described  is  of  the  common  vibrating 
class.  When  a  bell  is  required  to  give  a  single  stroke  each 
time  the  circuit  is  closed,  that  is,  for  each  pulsation  of  cur- 
rent, a  slight  difference  in  the  connection  of  the  ordinary 
bell  is  necessary.  A  wire  is  connected  between  the  end  of 
the  magnet  coil  ///  and  the  terminal  /,  so  that  the  circuit  is 
simply  from  one  terminal  to  the  other  through  the  coils. 
Hence,  when  a  current  passes  through  the  coils,  the  arma- 
ture is  attracted  and  held,  a  single  stroke  being  given  to  the 
bell;  on  interrupting  the  current,  the  armature  is  drawn 
back  to  its  normal  position  by  the  spring  c. 

33.  The  buzzer,  shown  in  Fig.  C,  is  used  in  places  where 
an  electric  bell  would  be  undesirable,  as  in  small,  quiet 
rooms  or  on  desks,  and  is  constructed  on  the  same  principle 
as  the  bell  except  that  the  armature  does  not  carry  a  ham- 
mer. In  the  illustration,  the  cover  c  is  removed,  showing 
the  magnet  coils  ///,  ;//'  and  the  armature  a.  An  adjusting 
screw  s  is  provided  to  regulate  the  stroke  of  the  armature 
and  the  consequent  intensity  of  sound.  The  wires  from  the 
push  button  and  battery  are  secured  at  d  and  i\  and  on  clo- 
sing the  circuit,  the  rapid  vibration  of  the  armature  causes 
a  humming  or  buzzing  sound,  whence  the  name. 
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Buzzers  are  generally  used  for  signaling  between  th« 
dining  room  and  kitchen,  as  a  bell  usually  makes  too  tnuchi 
noise  for  this  purpose. 


I  tal< 


34.     The  circuit -closing  devices  used  on  bellwork  usually! 
take  th(!  form  of  a  push  button.     These  are  made  in  all| 

sorts  of  styles.      The  very  chej 
ones    are     seldom     satisfactory  J 
Rruiiie    push  buttons  should  1 
used      where      exposed     to 
weather.      Fig.    7    shows  the.  or-j 
dinary  round  push  button, 
wires  enter  through  holes  in  thd 
base  and  attach  to  springs  b  andl 
c.      The  cover  d  screws  c 
when  (■  is  pushed,  b  and  c  com 
together,    thus    completing 
circuit. 

One  cell  of  any  good  type  t 
battery  will  ring  a  good  bell  ovei 
hori  length  of  wire,  but  it  is  never  advisable  to  rely  t 
i  than  a  cells  even  on  the  smallest  installations.  When  sev* 
.1  cells  are  connected  together  to  form  a  battery,  the  Kim 
ane  must  be  joined  to  the  carbon  of  the  next  and  the  in 
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terminals  at  the  ends  of  the  row  of  cells  connected  to  the 
line  wires. 

35.  Electric  bells  can  be  had  of  all  sizes,  from  mere 
tinklers  up  to  the  largest  fire  gongs.  Very  cheap  bells 
should  not  be  used.  They  require  much  battery  power, 
and  soon  get  out  of  order.  Trouble  is  usually  found  first  at 
the  contact  points  or  the  armature  pivot.  Contact  points 
should  be  tipped  with  platinum  or  silver;  platinum  being 
much  the  better  material  for  this  purpose,  as  it  never  cor- 
rodes or  tarnishes,  but  it  is  more  expensive  than  silver, 
which  is  much  used. 

36,  In  an  ordinary  dwelling  there  are  usually  not  less 
than  three  electric  bells,  one  located  at  a  convenient  point 
in  the  hall  with  a  push  button  at  the  front  door;  one  in  the 
kitchen  with  a  push  at  the  back  door,  and  one,  a  buzzer, 
located  in  the  kitchen  with  a  push  in  the  dining-room  floor. 
These  bells  may  all  be  operated  by  the  same  battery.  The 
battery  should  be  placed  in  a  cool  place,  but  where  it  never  is 
cold  enough  to  freeze;  preferably  in  the  cellar,  where  the 
air  is  not  so  dry  that  the  water  in  the  cells  evaporates  rapidly. 
Cells  should  not  be  allowed  to  become  dry.  Water  should 
be  added  from  time  to  time  so  as  to  keep  the  level  of  the 
solution  up  to  the  proper  height,  which  is  usually  marked 
on  the  glass  jar. 


BATTERIES. 

37.  Many  different  types  of  cell  are  manufactured  •  that 
are  suitable  for  bellwork.  Most  of  those  used  for  bellwork 
are  of  the  ox)en-clrcult  type.  They  are  intended  to  furnish 
current  for  short  intervals  only  and  will  run  down  if  used 
continuously.  Crosses  between  the  wires  or  grounds  will 
often  cause  the  cells  to  run  down  rapidly.  Most  of  these 
cells  will  recover  to  a  certain  extent  if  allowed  to  stand  for 
a  while  on  open  circuit,  but  they  should  never  be  allowed 
to  become  short-circuited  if  it  is  possible  to  avoid  it*. 

J.    UL-SS 
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The  cells  in  ordinary  use  on  bellwork  have  electrodes  of 
zinc  and  carbon  and  contain  a  sohition  of  sal  ammoniac 
(ammonium  chloride).  Sometimes  they  also  contain  a 
"depolarizing"  agent,  such  as  manganese  dio.Yide.  The 
effectiveness  of  a  carbnn-zinc  cell  depends  largely  on  the 
materials  of  which  the  carbon  element  is  made  and  the  skill 
used  in  its  manufacture.  Burning  the  carbons  too  much  or 
too  little  in  the  process  of  manufacture  makes  them  inferior. 
Some  manufacturers  make  inferior  carbons  ant!  then  treat 
them  with  sulphuric  acid,  to  make  them  operate  with  vigor 
when  first  installed.  Such  cells  soon  become  polarized,  and 
in  the  course  of  a  few  weeks  or  months  are  very  inferior, 
not  because  of  the  acid  so  much  as  because  of  the  poor 
quality  of  the  carbon. 

Whore  batteries  are  to  stand  considerable  use,  cells  with 
depolarizing  agents  must  he  employed.  Where  batteries 
are  worked  very  severely,  being  in  almost  constant  use, 
more  expensive  cells  must  be  employed.  Where  there  are 
facilities  for  charging,  storage  batteries  are  very  convenient 
for  this  kind  of  work.  Dry  cells  are  used  to  a  considerable 
extent  in  connection  with  light  bcllwnrk  and  portable  elec- 
trical devices.  There  are  many  varieties  of  electric  cells, 
some  of  which  arc  very  useful  and  cconomi:-al,  but  they  all 
require  more  or  k-ss  care.  The  study  of  the  merits  and 
demerits  of  these  devices  is  not  within   the   scope   of    this 
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next.  This  gives  the  scries  gnHtpin}*.  which  is  usually 
required  in  bcllwnrk.  When,  after  ciuisiilemtilc  use,  ihe 
cuneni  [mm  the  cells  becomes  feeble,  it  will  be  ncccKsary  to 
replace  the  liquid,  but  it 
ffequenlly  happens  that 
the  power  may  be  restored 
by  the  addition  »f  a  lit- 
tle water  tn  make  up 
f'lr  evapuratiuQ.  The  zinc 
will  in  c^iurse  of  time  be 
consumed,  and  must  be 
replaced,  and  the  sal  am- 
moniac may  also  be  re- 
ripweci  at  the  same  time, 
although  it  should  last 
I'ln^cr  than  a  single  zinc 
rod  of  the  usual  siie 
(I  inch  diameter).  After 
five  or  six  ruds  have  been 
used,  the  material  inside 
the  porous  cup  will  no 
longer  act  effectively,  and 
this    means   practically   a  ''"'  " 

ncwcarbonandcup,  since  they  may  be- pronmil  viiy  i  ln'iiplf 
In  the  case  of  renewal  of  a  large  number  (if  cuim,  tliny  inu|' 
be  returned  to  the  manufacturer  and  rcchurged  by  biiii 

39.    Cnrimn  cylinder  coIIh  are  ik  modiricil  fui I  I  hi 

Lcclanche.  Sal  ammoniac  itt  ufted  UH  ihe  I'lcllliiK  llitlil,  i« 
electrolyte,  but  the  porou^t  cup  in  timillril.  In  lit  plm  i>  n 
carbon  cylinder  is  used  that  preiicrit*  ii  laiKi'  aiirlilit',  iiikI 
hence  makes  the  cell  have  a  h>w  Internnl  ri'MlnluiK  i< 


XM3IVXt:lArttHM. 

40.  When  a  number  of  push  lriiU'>ii>  lU"  liiHfillbil,  M  I" 
necessary  to  have  an  indkatinif  iirrNif||*>iiM>iil  In  iiliiitt  IllMit 
which  button  the  bell  k  rung.     'Mm  hmUumtiti   H«h(|  Ih 
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lagnet,  thi 


One  ordinary  house  style  is  showiq 
are  rows  of  small  windows,  befora 
one  of  which   an  ind 
tor    appears    when 
bfll  rings,  showing  fi 
which   room    the    sig 
has  been  sent.     A  h 
die    //    at    the    side 
intended   to   he   used  l 
restore  the  indicators  t 
their    normal    positini 
when  Lhecall  tsanswcrt 
A  view  of   the  indicator^ 
itself  is  given  in  Pig,  laf 
A  hinged  arm  a  carries  i 
L-ard    bearing   the    nam*:l 
or  number  of  the  room 
to  which  the  drop  is  c 
iiected,  and  is  held  up  inl 
ihe  piisition  shown  by  MM 
counterbalanced  trip  /  ii 

"  front  of   an   electron 

as  the  curreiU  passes  through  the  electro* 

is  attracted  and  the  indicator  falls,  beinj 


then  visible  from  the  outside 
through  one  of  the  openings 
in  the  front. 

41.     The  noodio    luiniiiid- 

ator.  Fig.  11,  is  a  slyli:  much 
used  in  hotels  and  for  eleva- 
tors. The  current  on  passing 
through  the  electromagnet  of 
an  indicator  attracts  a  pivoted,  ^"'-  '"■ 

iron   armature   carrying  a   pointer  /*  on    the  outside  dial, 
causing  it  to  set  in  an  oblique  position,  in  which  it  is  helc^ 
by  a  catch  until  released  by  pressing  the  knob  i  below  t 
case.     Annunciators  may  be  obtained  in  almost  any  desjrt 
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finish  and  for  any  natter  of  drap&.  One 
lately  beeome  very  popoiar  b  cbc  cvtA- 
reetorUiff  aoavacteior.     la   the  ordmarr 

instrument   ibe  drops  most  always  be  pot 

back  after  a  call  comes  m.    Sometimes  tlus  b 

not  done,  and  coaseqncntly  one  is  at  a  loss  to 

know,  when  several  are  down,  which  butiua 

has    been    pushed.     Self-mioring   anniiDci- 

ators  are  constructed  so  that  when  a  battim 

is  pushed,  its  corresponding  dmp  falls  and 

remains  doirn  untU  the  next  call  is  sent  in. 

This  operates   a   magnet    that    moves    the 

restoring  device  and  resets  the  first  drop. 

Self-restoring    annnnciaiors   arc    somewhat 

more   liable  to  get   out  of   order  than   the 

simple  kind  and  some  of  them  require  more 

battery  power.     They  are,  however,  a  great 

coni'enience,  and  are  rapidly  finding  favor. 

They  are  wired  up  to  the  buttons  in  the  same  ''"'"  "" 

way  as  an  ordinary  annunciator,  as  the  restoring  device  is 

wholly  within  the  annunciator  itself. 


BUXXIXG   BELL.  WIRE, 

4S.  There  are  no  regulations  governing  the  insulation 
used  nn  belt  wire.  That  generally  used  is  known  as  atiniiti- 
eiator  wirf  and  is  usually  No.  10  or  Xu.  18  B.  &  S.  copper- 
covered,  with  two  wrappings  of  cotton  treated  with  parullin. 
This  wire  is  cheap,  but  it  is  not  moisture-proof,  ami  the 
insulation  does  not  adhere  very  firmly  to  the  wire.  How- 
ever, it  will  work  satisfactorily  if  it  is  carefully  put  Up  and 
is  run  in  a  dry  place.  Fur  really  good  work,  xventher-proof 
office  -wire  should  be  used.  The  insulation  on  this  wire  is 
heavier  than  on  thu  annunciator  wire  and  adheres  firmly: 
it  is  also  damp-proof.  If  it  is  necessary  tn  run  bell  wires 
where  they  will  be  exposed  to  considerable  moisture,  the  best 
plan  is  to  use  rubber-covered  wire. 

The  size  of  wire  used  is  generally  No.  10  or  No.  18  B.  &  S 
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It  will  pay  to  use  nothing  smaller  than  No.  Ifl,  because  the 
cost  is  very  little  more  and  the  line  resistance  is  thereby 
reduced.  Also  the  batteries  -w-ork  lo  better  advantage  and 
the  line  is  mechanically  stronger.  For  the  main-battery  wire 
in  large  installations,  No.  14  may  be  used  to  advantage. 

Bell  wires  are  often  stapled  to  woodwork,  especially  when 
bells  are  installed  in  old  houses.  If  any  stapling  is  di)ne. 
care  should  be  exercised  not  to  drive  the  staples  so  hard  that 
they  cut  through  the  insulation  and  break  the  wire.  Do  not 
fasten  two  wires  down  under  the  same  bare  staple.  Special 
staples,  using  a  small  saddle  of  leather  between  the  wire  and 
the  top  iif  the  staple,  are  made  for  this  work.  When  bell 
wires  are  run  in  new  buildings,  they  may  usually  be  run 
through  holes  in  the  beams,  and  they  should  be  grouped 
together  as  much  as  possible.  By  doing  this,  the  wires  are 
run  in  an  orderly  manner  and  very  little  stapling  is  needed. 

In  the  best  class  of  work,  bell  wires  are  sometimes  run  in 
conduits,  but  no  matter  how  they  are  run,  all  circuits  should 
be  carefully  tested  out  after  they  are  put  up  to  make  sure 
that  there  are  no  grounds,  breaks,  or  crosses.  See  that  all 
bell  wires  are  kept  well  away  from  electric-light  wires. 


HEI.I,  .\>]l  .\\NlNtlATOIt  (IltCllTS. 
4:J.  simple  Itvll  Circuit.  — A  simple  hell  circuit  is 
shnwn  in  FifT.  l"..  A  battery  of  two  Lechm.hu  cHls  ,.  r  o.ri- 
neclr.l  in  scries  furnishi-s 
rurrent  t.i  the  bell  /'. 
located  al  any  part  of 
the  hiiu.se,  and  the  piish 


liuttcm   / 


)laced     at 

41.    'I'wi)  itcUsOpcr- 
iil.d  ri-oniOiH'1'oliit.— 

It  is  frequently  necessary 
In  rinjf  two  or  more  bells 
frniii    one    push    button. 
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This  may  be  accomplished  by  one  of  two  methods.  One  is 
to  connect  the  bells  in  multiple  arc  across  the  leads,  as  in 
Fig.  13,  so  that  each  one 
is  independent  of  the 
others,  the  bells  ^,  b  be- 
ing on  separate  branches. 
The  battery  B  is  repre- 
sented in  this  diagram 
in  the  manner  generally 
adopted,  the  fine  line  indi- 
cating the  carbon  of  the 
cell  and  the  heavy  line 
the  zinc.  The  other  meth- 
od, making  use  of  a  series 
arrangement,  is  shown  in  Fig.  14.  This  is  often  preferred 
to  the  first  method,  because  there  is  usually  a  saving  of 

wire  in  its  use,  but  it   is 
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necessary  to  change  all 
but  one  of  the  bells  to 
single  stroke.  The  reason 
for  this  is  that,  unless  the 
bells  were  exactly  similar 
in  their  adjustment,  the 
period  of  vibration,  or  rate 
of  swing,  of  the  armatures  would  be  different,  and  the  inter- 
ference would  prevent  satisfactory  ringing  of  the  bells.  If, 
however,  one  bell  is  free  to  vibrate  and  the  rest  are  all 
changed  to  single  stroke,  very  little  adjustment  of  each  one 
will  be  required  to  produce 
a  strong  clear  ring. 


45,  One  Bell  Operated  ^— _ 
From  Two  Points. — When  ^1_ 
it  is  desired  to  ring  a  bell 
from  two  different  places, 
a  simple  series  circuit  can- 
not be  used,  because  there 
would  be  a  break   at   each 
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push  button  and  a  i 

tons  were  pressed  at  once. 


(^ 


IJ, 


rould  not  flow  unless  both  but- 
The  second  button  must  then 

— I  be  in  parallel  to  the  first,  as 
J  in  Fig.  15,  so  thiit  whichever 

M  button  /   or  />'  is  pressed, 

J  the  circuit  through  the  bell  b 

and  battery  B  is  completed. 

I 

46.      Figs.    16     and    17 
show  two  arrangements  of 
wiring  for  ringing  two  bells 
simultaneously  from   three 
*"°-"-  different  points.     The  bells 

(7,  h  are  connected  in  parallel  in  Fig.  '\e,,  but  they  may  be 
put  in  series,  if  desired,  as  in  Fig.  \t,  provided  one  of  them  is 
changed  to  single  stroke.  In  the  case  of  an  actual  installa- 
tion, it  might  be  necessary 
to  run  the  wires  in  some 
other  manner  than  as  here 
laid  out,  depending  on  the 
construction  of  the  build- 
ing; but,  from  the  direc- 
tions already  given,  it 
should  be  an  easy  matter 
to  devise  the  best  ar- 
rangement. The  choice  be- 
tween scrit'S  and  parallel  com 


tioii  of  the  bells  will  depend 
1  cupper  for  the  line  wires. 
cquircs  a  larger  volume  of 
n  thuv  art:  in  series,  because 
,ng  all  the  b<-lls.  This  calls 
lircs.     When   the   branch 


Placing  the  bells  in  mi 
cuiTcnt  t.)  be  supplied  t! 
the  total  current  subdivi 
for  a  large  battery  and  large 
circuit  containing  one  bell  is  very  nimh  longer,  and  hence 
of  higher  resistance  than  the  branch  containing  another 
bell,  the  current  will  not  diviiie  cc]iially  between  the  two 
bells,  and  hence  the  jiaralh'l  arningcment  may  not  be  satis- 
fart.)iy  in  such  cases.  Placini;  the  bells  in  scries  requires  an 
addili.inal  cell  ur  two,  but  m.  larger  wire  is  required. 
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47.     wiring:  for  Three  Bells  ami   Three  Push  But- 
tons.— Fig.  18  shows  a  plan  of  wiring  that  is  often  used  for 
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the  bell  system  in  a  small  dwelling  where  no  annunciator 
is  used. 

48.  Wiring  for  Simple  Annunciator. — A  wiring  dia- 
gram for  a  simple  annunciator  system  is  shown  in  Fig.  19. 
The  pushes  i,  2^  S,  etc.  are 
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located  at  convenient  points 
in  the  various  rooms,  one 
terminal  being  connected 
to  the  battery  wire  b  and 
the  other  to  the  leading 
wire  /  communicating  with 
the  annunciator  drop  corre- 
sponding to  that  room.  The 
battery  wire  is  run  from 
one  pole  of  the  battery  direct 
to  one  side  of  each  of  the 
pushes.  The  other  side  of 
each  push  is  then  connected 
to  its  drop  on  the  annun- 
ciator. A  battery  of  three  or  four  Leclanche  cells  is  placed 
at  B  in  any  convenient  location,  but  should  not  be  set  in  a 
dark  or  inaccessible  spot  or  be  exposed  to  frost. 
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49.     Wlrinjr  for  neturii-Call  Aiiniinctator. — In  Fig.  30 

illustrated  a  return-call  system  requiring  one  battery 
wircyt  A^,  one  return  wire  r, 
and  for  each  room  one 
leading  wire  /,,  /,,  etc.  The 
annuni:iator  board  is  di- 
vided into  two  parts,  the 
n  upper  part  having  the  num- 
bered dro])s  and  the  low- 
er the  return-call  pushes. 
Each  room  is  provided  with 
a  double-contact  push,  such 
as  that  shown  in  Fig.  31. 
The  tongue  /  makes  con- 
nection normally  with  the 
upper  contact  r,  but  when 
pressure  is  put  on  the  but- 
ton k,  the  tongue  is  forced 
against  the  lower  contact  c'. 
The  return-call  pushes  on 
iIk'  imvc-r  board  of  the  an- 
minciator  are  of  the  same 
(!<-smiiti<.n.  In  Fig.  -Jo  ail 
nni:iti<allv,  for  convenience 
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circuit  I 


K-  corresponding  (Imp 
:ilh  iif  tlic  current  is  then 
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;  should   have  dis- 


50.  lo  installing  annunciator  systems,  it  is  usual  to 
run  the  battery  wire,  which  is  No.  14  or  16  annunci- 
ator wire,  through  the  building  at  some  central  portion. 
If  there  are  many  rooms,  it  will  be  advisable  to  splice 
on  a  length  of  No.  18  wire  to  extend  from  the  push 
in  each  room  to  the  battery  wire.  The  connection  from 
the  other  side  of  the  push  button  to  the  annunciator,  that 
is,  the  leading  wire,  should  be  No.  18.  For  the  return- 
call  system,  a  battery  of  four  or  five  Leclanche  cells  is 
required. 

All  wires  used  in  annunciator  servi 
tinguishing  colors  to  prevent  confusion. 
The  battery  wire  may  be  blue,  the 
return  wire  red,  and  the  leading  wires 
white.  This  arrangement  will  greatly 
simplify  the  connections  and  reduce  the 
liability  of  mistake. 

51.  Wiring  for  Elevator.  Annunci- 
ator,— The  wiring  for  an  elevator  annun- 
ciator does  not  differ  greatly  from  that 
of    a    simple   annunciator;    in   fact, 
scheme  of  connections  is  essentially  the 
same.     A  battery  wire  b.  Fig.  22,  is  run 
up  the  shaft  and  connected  to  each  push 
button  on  the  different  floors.    The  return 
wires  from  each   button  are  then  carried 
to  a  point  a  at  the  middle  of  the  shaft, 
where  they  should    terminate   in  a  small 
connection  board,  so  that  they  may  be 
readily  disconnected  from  the  wires  i 
cable  running  to  the  cage  c.     The 
running  from  the  connection  board  t 
cage  are  in  the   form  of  a   flexible  cable, 
which    is   made  especially  for  this    kind 
of   work.     This  cable  contains  one  more 
are  push  buttons,  because  it  has  to  provii 
wire  r. 
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SPECIAl.  Al'PIJANCES. 

53.    Tlio  Automatic  Drop. — For  special  alarm  purposes, 

it  is  sometimes  desirable  thai  the  bell  should  continue  to 
ring  after  the  push  is  released.  This  is  accomplished  by  the 
use  of  an  iiutomatlc  drop,  which  closes  an  extra,  or  shunt, 
circuit  as  soon  as  a  current  passes  along   the   main  circuit. 


Fig.  23  shows  two  vie 
side  elevation  and  B 

There  are  ihrcc  termi 
and  b  are  connected  tt 
at  /'  beinn  n]s<)  Ci 
c.mncction  to  tli. 
the  frame  and  all  (j 
Ihn.ngh  a-b  by  . 


s  of  an   automatic  drop,  A    being  a 
front  view  with  the  cover   removed. 

da  on  the  baseboard  ;  those  marked  a 
Lhe  ends  of  the  magnet  coil,  the  end 
nnected  to  the  frame/;  terminal  r  makes 
spring  contact  (/,  whi<'h   is  insulated  from 
wires.      The  bell  circuit  is  cl<.scd  first 
of  the  push  button;  the  armature  c 
is  at  once  attracted,  there- 
by releasing  the  rod  piece ,1,^ 
which  falls  by  gravity  and 
makes    contact     with     the 
si>ring    <-/,    establishing    a 
circuit    between    /'    and   i\ 
which     short-circuits     the 
push    button    and    magnet 
coil  of  the  drop. 
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circuit  obtained,  on  pressing  the  push  button  /,  is  from  the 
positive  pole  of  the  battery  B  through  the  push  to  the 
terminal  a  of  the  drop,  through  the  magnet  coils  to  b^  and 
then  through  the  bell  to  the  negative  pole  of  the  battery. 
As  soon  as  d  falls,  the  magnet  coils  are  cut  out,  the  current 
being  diverted  at  r,  and  passes  by  way  of  the  new  contact 
from  c  to  b^  and  thence  through  the  bell  and  back  to  the 
battery. 

54.  Two-Point  S^'itoh. — When  two  bells  are  arranged 
to  ring  from  one  push  button, 
it  is  sometimes  desirable  to 
cut  one  of  them  out  during 
some  part  of  the  day.  For 
this  purpose  a  small  switch. 
Fig.  25,  is  used,  by  means  of 
which  one  bell,  when  connected 
in  series  with  the  other,  may  be 
short-circuited.  The  wires  are 
run  to  the  back  of  the  switch,  ^'^-  ^ 

one  connection  being  to  the  lever  arm  at  a^  the  other  to  the 
contact  piece  b, 

55.  Door-Openers. — In  apartment  houses,   banks,  and 
^  other  places,  it  is  often  convenient  to  have  the  latch  on  a 

door  arranged  so  that  the  door  may  be  unlocked  from  some 
distant  point.  For  this  purpose  door-openers  are  used. 
These  are  made  in  a  number  of  different  styles,  the  mecha- 
nism differing  with  the  different  makes.  In  all  of  them,  how- 
ever, the  unlocking  is  effected  by  means  of  an  electromagnet, 
which  is  connected  to  the  push  and  battery  in  the  same  way 
as  an  ordinary  bell. 

56.  Operating:   Bell   From    IJ^htln^   Circuit. — It  is 

sometimes  convenient  to  operate  an  electric  bell  from  an 
incandescent  lighting  circuit.  This  may  be  done  where  direct 
current  is  used  to  operate  the  lamps,  but  if  alternating  current 
is  used,  an  ordinary  bell  will  work  very  poorly,  if  at  all.  Of 
course,  it  is  necessary  to  use  a  resistance  in  connection  with 
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this  system,  one  being  a  closed-circuit  gravity  battery  indi 
rated  at  d  in  Fig.  28,  connected  in  series  with  a  resistance  iq 
of  about  200  ohms,  the  magnet  coils  of  the  bell  a,  and  I 
alarm  switch  s.  The  armature  of  the  bell  is  thus  held  away 
from  the  back  contact  c  The  open-circuit  Leclanch^  bat- 
tery /''  is  connected  to  this  contact  and  to  the  far  terminal 
of  the  magnet  coils;  this  circuit  is  therefore  normally  opco) 
but  as  soon  as  the  main  circuit  is  opened  by  moving 
alarm  switch,  the  spring  on  the  armature  of  the  bell  pressei^ 
it  against  the  back  contact,  thereby  closing  the  local  circun 
through  the  bell. 


59.  Fig.  20  shoi 
generally  used  when 
tinually.      A  sheet-c 


>  a  ci-owfoot  or  (jfravity  cell,  the  lyj* 
I  small  current  has  to  be  furnished  can| 
pper  electrode  is  placed  at  the  bottoi 
of  the  jar  along  will 
crystals  of  copp< 
sulphate.  A  soliju 
tion  of  zinc  sulphate 
covers  the  zinc, : 
on  account  of 
copper-sulphate  i 
I II  t  ion  being  mninj 
dejisc  than 
other,  the  two  BOlu- 
tinns  do  not  mix, 
hence  the  name 
gravity  battery. 
The  top  solution 
should  be  drawn  o 
front  time  to  lira 
and  water  adtle< 
If  the  dividing  1 
between  the 
tiunsgetsupa 
irmed  on  the  zin 

ipward  diflusidi 


This 
the  cell  is  left  s 
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on  open  circuit.  These  cells  will  deliver  a  small,  steady  cur- 
rent, but  their  output  is  not  large  and  they  are  rather  expen- 
sive to  maintain.  The  closed-circuit  burglar-alarm  system 
is  tittle  used  in  ordinary  work  in  connection  with  dwelling 
It  is  usual  when  connecting  up  burglar-alarm  anni: 
ciators  to  group  the  windows  or  doors;  i.  e.,  the  contacts  on 
several  doors  or  windows  are  connected  in  parallel  and 
attached  to  one  drop.  To  provide  a  drop  for  each  door  a 
window  would  require  too  large  an  annunciator  and  would 
cost  too  much  for  the  ordinary  run  of  work. 


ELECTEIC  GAS  LUillTrXG. 


BlTtXERS  FOR  PAR.U^LEI,  STSTEM. 

60.  In  the  application  of  electricity  to  gas  lightin; 
spark  is  caused  to  pass  between  two  conductors,  placed  r 
the  burner,  at  the  same  time  that  the  gas  is  turned  on. 
the  parallel  Sfst^m  of  lighting. 
each  burner  is  independent  of  all 
the  others,  having  direct  con- 
nection between  the  battery  wire 
and  ground.  Three  different 
styles  of  burner  are  used:  the 
pendant,  the  ratchet,  and  the 
aiitomalk  burner. 

61.  The  pendant  burner 
is  shown  in  Fig.  30.  A  well- 
insulated  wire  is  brought  to  the 
burner  and  secured  under  the 
head  of  the  screw  s.  thereby 
making  connection  to  the  sta- 
tionary contact  piece  c,  which  is 
fastened  by  a  screw  /  to  the 
frame  f  and  insulated  from  it  Tiy 
washers  w.  On  pulling  the  pend- 
ant r  downwards,   the  spring  a 

J.    lit.— Si 
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is  drawn  across  c,  and,  on  passing  off  al  the  upper  side,  t 
break  causes  a  spark  which,  when  the  gas  has  been  turnd 

on,  will  ignite  it. 


63.     The    nitclift   burner  is  very  similar  to  the  plai 
pendant,  hut  is  provided  with  a  ratchet  and  pawl  aperat< 
by  a  pendant,  a  downward  pull  turning  on  the  gas  at  t 
same  time  that  the  spark  is  produced.     A  second  pull  exti]) 
guishes  the  gas. 

63.     The  autoiimllc    Inirnfr  is  shown  in   Pig.  31 
the  cover  removed.     Two  wires  must  be  provided,  runnu 
I  from  a  double  push  button,  one  of  them  leading  to  the  w 

I  and  the  other  to  d.     The  circuit  from  u  is  through  the 

L  hand  magnet 

r 


insulated    band   tf, 
has  a  projection  e  ; 
side.     Upon    this   r 
metal   rod  r,    bent   at  1 
upper    end    and    terming 
ling  in  a  contact  piece;  f 
ihii  liiwcr  end  the  rod  j 
}i:r-uinded    by    connectiqj 
with   the  frame  _/". 
magnet  ouil  has  an  arma- 
Uire  j^  or  j,"-'   with    a    pro- 
jecting finger  on  the  inner 
siile.    When  current  is  si 
through  the  magnet  r,  ' 
armature  ^  is  raised  i 
turns  the  gas  valve  v  t 
striking  one  of   the  pin| 
At  the  same  time  the  n 
is  pushed  up,  thus  breaking  the  circuit  at  a  point  where  t 
gas  is  escaping  and   producing  a  spark  that  will  ignite  i 
To  provide  for  certain  action,  the  sparking  should  contim 
later  than  the  instant  of  turning  on  the  gas,  and  tl 
effected  by  the  tise  u£  a  spring  to  restore  the  circuit. 
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rod  r  is  forced  upwards  against  the  spring  s,  but  when  the 
circuit  is  opened  at  the  spark  gap,  the  spring  presses  the 
rod  and  armature  down  again,  and  the  circuit  being  thereby- 
closed,  a  spark  is  again  produced  on  opening.  This  continues 
as  long  as  the  push  button  is  pressed,  the  action  being  simi- 
lar to  that  of  an  electric  bell.  The  second  coil  A  is  grounded 
at  the  inner  end,  and  when  a  current  is  sent  through,  the 
armature  ^'  is  raised,  turning  the  valve  and  cutting  off  the 
supply  of  gas.  Automatic  burners  are  very  convenient 
where  it  is  wished  to  light  or  extinguish  a  gas  jet  from  some 
distant  point.     They  are  used  principally  in  hallways  where 

K desired  to  light  or  extinguish  the  gas  from  any  floor. 
ARR.^VSGEMENT   OF    LIOHTIXG   .VPrARATTS. 
t.     To  light  gas  by  electricity,  a  spark  of  considerable 
intensity  must  be  produced.     This  can  be  done  by  means  of 
batteries  and  induction  coils  or  by 
an   electrostatic   discharger.      For 
the  parallel  system  used  with  the 
burners    just   described,    a  snark 
coll  is  employed  to  supply  a  good 
spark.      Fig,  33  shows  an  ordinary 
spark  coil.     It  is  made  up  of  an  ir< 


about  i  inch  in 


diameter  and  8  inches  long.     This 


1  built  up  out  of 
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soft-iron  wire  and  is  wound  with  6  or  0  layers  of  No.  18  mag- 
net wire.  The  coil  k  is  connected  in  series  with  the  cells  r, 
as  indicated  in  Fig.  33.  The  battery  should  have  at  least  six 
cells  for  satisfactory  service.  One  end  of  the  coil  is  con- 
nected to  the  gas  pipe/.  When  the  pendant  is  pnlled,  the 
tip  makes  contact  and  a  current  is  established  through  the 
circuit.  When  the  circuit  is  broken,  the  self-induction  of 
coil  k  causes  a  bright  spark  at  the  break. 

65.  Wires  for  this  purpose  are  usually  run  on  the  out- 
side of  the  gas  fixtures,  but  they  may  be  concealed  if  there 
is  sufficient  room  between  the  fixture  shells  and  the  gas 
pipe.  It  is  advisable  to  use  wire  provided  with  good  insu- 
lation for  this  kind  of  work,  for  the  wires  are  particularly 
likely  to  become  grounded  upon  the  fixtures  to  which  they 
are  fastened.  Where  fi.ttures  are  wired  on  the  outside,  the 
wires  shouM  be  painted  or  made  with  the  proper  colored  insu- 
lation, so  as  not  to  show ;  but  they  must  not  be  painted  with 
bronze  or  metallic  paint,  which  would  penetrate  the  insula- 
tion and  cause  grounds,  unless  rubber -cove  red  wire  were 
used. 

(>(>.  Til  make  the  lo,-:iliun  of  i;roundf;  easy,  it  is  advisable 
to  niii  si-piirate  wirus  from  a  dlslributing  point  near  the 
haltcry  to  each  fixture  or  yroup  of  fi.\tures.  The  wires 
ran  In*  i-oimected  to^jethcr  at  that  point  by  means  of  a  con- 
necting,' boaiil,  at  which  any  fixture  can  be  disconnected. 
This  makes  the  location  and  removal  of  grounds  an  easy 
matter.  Fig.  lU  sliows  the  general  arrangement  of  a  sys- 
tem using  both  ]ilain  pendant  and  automatic  burners. 
Tlie  distributing  board  is  shown  at  /?.  The  automatic 
burner  is  jirovided  with  a  double  push  button  c  When 
the  dark  button  is  jiri'ssud.  tlic  light  is  extinguished;  when 
the  liglit  button  is  [lushcd,  the  gas  is  turned  on  and 
lighted. 

In  the  atii.ve  diagrams  the  gas  pipe  has  been  used  as  part 
of  the  liniiit.  This  is  dnne  where  the  hxtures  use  gas  only. 
Where  electric  light  is  used  on   the   fixtures,    the   gas  pipe 
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must  not  be  used  as  part  of  the  circuit.     The  connections 
are,  however,  essentially  the  same.     All  that  is  necessary  is 


o  •  c 


L 


B 

llllllllllt 


^S 


o---6-—^--c  D 


JparH 


Ca//^ 


Fig.  84. 


to  use  an  additional  wire  instead  of  the  pipe.  The  following 
Underwriters'  rules  relate  to  gas-lighting  wiring  in  connec- 
tion with  electric-light  fixtures. 


Electric  Gas  lilg^litlng:. — 

Where  electric  gas  lighting  is  to  be  used  on  the 
same  fixture  with  the  electric  light: 

a.  No  part  of  the  gas  piping  or  fixture  shall 
be  in  electric  connection  with  the  gas-lighting  cir- 
cuit. 

b.  The  wires  used  with  the  fixtures  must  have 
a  non-inflammable  insulation,  or,  where  concealed 
between  the  pipe  and  shell  of  the  fixture,  the  insu- 
lation must  be  such  as  required  for  fixture  wiring 
for  the  electric  light. 

c.  The  whole  installation  must  test  free  from 
"grounds." 

d.  The  two  installations  must  test  perfectly  free 
from  connection  with  each  other. 
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67.  Since  the  battery  is  momentarily  short-circuited 
every  time  a  spark  is  obtained,  it  would  soon  run  down  t 
the  contacts  on  the  burner  were  to  remain  permanently* 
touching.  To  give  notice  of  this,  a  relay  (Fig.  35)  may  be 
used  in  series  with  the  battery,  the  current  entering  at  b  and 
passing  out  at  c,  after  circulating  around  the  coil.  The^ 
magnetic  circuit  is  completed  by  an  armature  a, 
held  back  against  a  stop  by  the  weight  if  when  no  c 


oil.  Tb9^_ 
which  i^^H 
3  curren^^H 


I  is   passing.     If   a    short    circuit   occurs,    the    armature 

attracted,  and  the  spring  (/is  pressed  against  the  platiniun- 
tipped  screw  s,  completing  a  local  circuit  by  means  of  the 
wires  f,  f  through  a  vibrating  bell  and  one-cell  batterjr^ 
The  current  used  in  lighting  the  gas  at  a  burner  is  of  sm 
short  duration  that  the  bell  is  not  rung.     A  modification  \ 
this  arrangement  is  to  provide  an  armature  on  the   spafl 
coil  itself,  which  shall  close  a  local  alarm  circuit  when  t^ 
battery  is  short-circuited. 
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APPARATUS  FOR  MUX-TTPLE-LIGHTIXG    SYSTEM. 

68.  The  multiple,  or  flash,  system  of  gas  lighting  is 
used  in  large  halls  where  many  lights  are  installed  in  groups. 
A  fixed  spark  gap  is  used  at  each  burner,  both  of  the  points 
being  insulated  from  each  other  and  from  the  gas  pipe, 
except  the  last  point  of  a  series,  which 
is  grounded.  The  style  of  burner  used 
is  shown  in  Fig.  36,  in  which  a  and  b 
are  the  points  of  the  spark  gap.  To 
complete  the  connection  between  con- 
secutive burners,  a  fine,  bare  copper 
wire,  about  No.  26  gauge,  is  stretched 
across,  being  secured  through  the  small 
holes  at  the  lower  ends  of  the  strips  a,  b. 
The  body  of  the  burner  is  made  of  some 
insulating  substance,  and  a  flange  of  mica  fn  is  added  to 
give  further  protection.  Since  one  circuit  may  consist  of  a 
large  number  of  burners,  it  will  l>e  seen  that  the  IC.  M.  V. 
must  be  very  high  to  force  a  current  across  so  much  air 
space,  and  to  insure  success,  the  wiring  must  be  installed 
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with  the  greatest  precaution.  The  wire  should  nowhere  f)e 
nearer  to  the  gas  pipe  than  \\  inches;  if,  however,  it  is 
necessary  to  approach  more  closely,  the  wire  should  be 
enclosed  in  glass  tubing. 

The  apparatus  required  for  this  system  of  gas  lighting 
consists  of  an  induction  coil  /',  Fig.  37,  operated  by  a  bat- 
tery B  and  used  with  a  condenser  c  across  the  spark  gap  of 
the  primary/.     The  condenser  cuts  down  the  spark  at  the 
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circuit-breaker,  for  this  spark  would  be  very  destructive 
in  the  case  of  a  large  coil.  The  fine-wire  secondary  s  is 
grounded  at  G,  and  the  other 
terminal  is  connected  to  the  line 
wire  passing  to  the  burners. 

09.     FrU-Uunal       iiiachluvs 

arc  also  used  in  the  multiple- 
lighting  system.  These  gener- 
ate static  electricity,  and  in 
many  cases  are  more  reliable  than 
induction  coils,  as  there  is  no 
battery  to  get  out  of  order. 
One  form  of  this  machine  is 
shown  in  Fig.  38.  One  of  the 
terminals  /  is  to  be  connected 
to  the  switch  handle  s  and  the 
other  jf  to  ground.  The  ma- 
'"■  chine  is  rotated  by  means  of  the 

handle  h,  and  the  switch  is  nioved  from  one  contact  to  the 
ni-xt,  lijjhling  the  gas  on  each  circuit  1,  5,  5,  ^  in  rapid 
succession. 


..■l!|^II|li»r- 
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QUESTIONS  AND   EXAMPLES 

Relating  to  the   Subjects 
Treated  op  in  this  Volume. 


It  will  be  noticed  that  the  Examination  Questions  that 
follow  have  been  divided  into  sections,  which  have  been 
given  the  same  numbers  as  the  Instruction  Papers  to  which 
they  refer.  No  attempt  should  be  made  to  answer  any  of 
the  questions  or  to  solve  any  of  the  examples  until  that 
portion  of  the  text  having  the  same  section  number  as  the 
section  in  which  the  questions  or  examples  occur  has  been 
carefully  studied. 
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(PART  1.) 


EXAMDfATION   QUESTIONS. 

(1)  Explain  the  action  of  a  frequency  changer. 

(2)  (a)  Make  a  sketch  showing  how  you  would  connect 
two  large  transformers  on  a  single-phase  system  to  feed  three- 
wire  secondary  mains,  (b)  What  are  some  of  the  advantages 
gained  by  supplying  customers  from  secondary  mains  rather 
than  from  a  number  of  small  transformers  ? 

(3)  (a)  How  are  incandescent  lamps  generally  connected  ? 
(d)  How  are  they  sometimes  connected  on  220-volt  and 
500- volt  power  circuits  ? 

(4)  Describe  briefly  two  methods  of  operating  a  three- 
wire  system  by  means  of  a  single  220-volt  dynamo  with 
auxiliary  apparatus  to  take  care  of  the  balancing. 

(5)  (a)  Name  the  principal  parts  of  an  incandescent 
lamp.  (b)  Of  what  is  the  filament  made  ?  (c)  What 
material  is  used  for  the  leading-in  wires  and  why  is  this 
material  used  ? 

(6)  (a)  What  three  styles  of  lamp  base  are  in  most  com- 
mon use  ?  (d)  Which  one  of  the  three  is  used  to  the  greatest 
extent  ? 

(7)  (a)  What  is  the  common  unit  used  for  expressing  the 
brightness  of  a  source  of  light  ?  (b)  To  how  many  Hefner 
units  is  1  standard  candle  equal  ? 
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(8)  (rt)  What  h  a  photometer  ?  (i)  Describe  the  Eiinsen 
photometer. 

(9)  A  photometer  bar  is  divided  into  SOO  equal  parts  and 
a  standard  lamp  of  !J3  candlepower  is  placed  at  one  end, 
The  lamp  to  be  measured  is  placed  at  the  other  end,  and  it 
is  found  thai  the  screen  becomes  balanced  when  it  is  350  divi- 
sions from  the  standard.  What  is  the  candlepower  of  the 
lamp  under  test?  Ans,  5. 88  c.  p. 

(10)  (a)  What  is  meant  by  the  mean  horizontal  candle- 
power  of  an  incandescent  lamp  ?  (d)  How  is  the  mean  hori- 
zontal candlepower  usually  measured  ? 
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(11)  {a)  At  about  what  temperature  is  the  filament  of  an 
incandescent  lamp  worked  ?  (/')  What  is  a  fair  value  for 
the  number  of  watts  consumed  per  candlepower  of  an  ordi- 
nary incandescent  lamp  ? 

(l"i)  About  how  many  IfJ-candlepower  lamps  can  a30-kilo- 
watt  dynamo  run  ?  Ans.    500. 

(i:i)  ('/).  What  is  the  feeder-and-main  system  of  distribu- 
tion ?     (/')  What  are  its  advantages  ? 


Ans. 


< 
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(14)  Describe  the  Westinghouse  method  of  operating 
incandescent  lamps  in  series  on  constant-potential  alterna- 
ting-current systems.     Illustrate  by  means  of  a  sketch. 

(15)  Fig.  I  shows  a  two- wire  110- volt  system,  the  number 
of  lamps  operated  and  the  various  distances  being  as  shown. 
The  total  allowable  drop  from  the  dynamos  to  the  lamps  is 
not  to  exceed  12  volts.  The  drop  in  the  house  wiring  is  to 
be  1.5  volts,  the  drop  in  the  mains  3.5  volts,  and  the  bal- 
ance of  the  drop  is  taken  up  in  the  feeders.  Calculate  the 
size  of  wire  required  for  (a)  the  feeders;  (b)  the  mains  D; 
{c)  the  mains  £;  {d)  the  mains /^ 

'  {a)  250,714  cir.  mils. 

\b)  277,714  cir.  mils. 

\c)  185,143  cir.  mils. 

\d)  123,428  cir.  mils. 

(16)  If  a  certain  object  is  10  feet  from  a  source  of  light, 
how  many  times  will  the  illumination  on  it  be  reduced  if  it 
is  moved  to  a  distance  of  35  feet  from  the  source  ? 

(17)  In  making  photometer  tests  on  incandescent  lamps, 
what  three  requirements  should  be  fulfilled  in  order  that  the 
photometer  screen  may  be  set  with  a  fair  degree  of  accuracy  ? 

(18)  (a)  Is  the  hot  resistance  of  an  incandescent  lamp 
greater  or  less  than  the  cold  resistance  ?  (J?)  What  is  the 
approximate  hot  resistance  of  an  ordinary  16-candlepower 
110-volt  lamp  ? 

(19)  A  32-candlepower  220-volt  lamp  requires  4  watts 
per  candlep)ower.  What  current  will  160  of  these  lamps 
take  on  an  ordinary  two-wire  system  ?     Ans.  93.09  amperes. 

(20)  (a)  What  do  you  understand  by  mean  spherical 
candlepower  ?  (b)  Are  incandescent  lamps  usually  rated  by 
their  mean  spherical  candlepower  ? 

(21)  The  pressure  on  a  long-distance  electric-light  feeder 
is  to  be  raised  25  volts  by  means  of  a  booster.  The  maxi- 
mum current  to  be  supplied  to  the  feeder  is  500  amperes. 
What  must  be  the  capacity  of  the  booster  in  kilowatts  ? 

Ans.  12.5  K.  W. 
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(23)  Draw  a  simple  diagram  showing  how  to  connect  a 
shunt-wound  booster  so  as  to  raise  the  pressure  on  a  two- 
wire  circuit. 

('i3)  Fig.  II  shows  a  three-wire  system.  The  main  feed- 
ers C  run  to  a  junction  box  /,  from  which  current  is 
distributed  to  the  house  wiring  /'by  means  of  the  mains  D. 
Current  is  also  supplied  from  /  to  the  lamps  E  uniformly 
distributed  as  shown.  The  drop  in  the  feeders  C  (\.  e.,  the 
drop  on  one  side  of  the  circuit)  is  to  be  5  per  cent,  of  the 


fjmp  voltaic,  and  tliat  in  iht-  mains  D  -■}  per  cent,  of  the 
liunp  voli^i.jju;  Uif  dmp  in  mains  /:  is  tn  be  .j  per  cent,  uf 
th(.'  lamp  vnltanc.  Tlu-  distances  and  number  of  lamps  siip- 
|)]icd  are  as  shown  on  the  fi;;iirc.  CaUidale  {a)  the  size  of 
feeders  C;  (l>)  tlie  siae  of  mains  /';   (r)  the  size  of  mains  li. 

I  Ui)  r.4,7«5  cir.  mils. 
Ans.  -    (/,)     1^-^,727  cir.  mils. 

[  {<.-)       i-i,-in  cir.  mils. 
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(24)  (a)  What  voltages  are  ordinarily  used  for  operating 
incandescent  lamps  ?  {d)  Give  a  table  showing  the  approxi- 
mate current  required  by  some  of  the  ordinary  sizes  a£ 
lamps. 

(25)  Three  thousand  16-candlepower  incandescent  lamps 
are  to  be  operated  at  a  point  20,000  feet  from  the  station 
The  total  loss  in  power  is  to  be  limited  to  15  per  cent.,  10  per 
cent,  of  which  is  to  be  lost  in  the  transmission  line  and 
5  per  cent,  in  the  secondary  wiring  and  transformers.  The 
lamps  require  3.5  watts  per  candlepower,  and  the  voltage  at 
the  end  of  the  line  is  to  be  4,000.  Find  the  size  of  the  line 
wires  required  if  the  three-phase  alternating-current  system 
is  used.  Ans.  26,460  cir.  mils;  a  No.  6  B.  &  S. 
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EXAMEN^ATIOK  QUESTIONS. 

(1)  Name  three  of  the  principal  ways  in  which  storage 
batteries  may  be  used  to  advantage  in  connection  with 
lighting  plants. 

(2)  Describe  the  action  of  the  Stanley  electrostatic  ground 
detector. 

(3)  Give  a  list  of  the  most  important  instruments  and 
appliances  used  on  a  lighting  switchboard. 

(4)  (a)  For  what  are  potential  regulators  used  in  lighting 
plants  ?     (6)  Describe  the  action  of  the  Stillwell  regulator. 

(5)  (a)  How  many  field  rheostats  are  generally  used 
for  each  alternator  on  an  alternating-current  switchboani  ? 
{d)  Where  are  these  rheostats  connected  ?  (c)  Is  one  field 
rheostat  in  series  with  the  shunt  field  of  the  exciter  sufficient 
to  control  the  field  excitation  of  an  alternator  ? 

(6)  (a)  Make  a  sketch  showing  how  three  lamps  may  be 
connected  so  as  to  indicate  grounds  on  a  three-wire  system. 
(b)  Describe  the  action  of  the  lamps  when  a  ground  takes 
place  on  each  of  the  lines. 

(7)  (a)  For  what  are  current  transformers  used  ?  (/;) 
Make  a  sketch  showing  how  a  current  transformer  would  be 
connected. 
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(S)  (a)  Draw  a  diagram  and  describe  the  action  of  the 
two-lamp  ground  detector  as  used  on  ordinary  two-wire 
direct-current  circuits,  (i)  Why  is  a  voltmeter  to  be  pre- 
ferred to  lamps  for  the  detection  of  grounds  ? 

(9)  (a)  What  style  of  switch  is  commonly  used  for  low- 
pressure  lighting  switchboards  ?  (I/)  Name  some  styles  that 
are  used  on  high-pressure  alternating-current  boards. 

(10)  What  method  is  used  for  extinguishing  the  arc  in 
the  Gartun  lightning  arrester  ? 

(11)  Make  a  sketch  and  describe  the  operation  of  the 
Westinghouae  lamp  ground  detector  as  used  on  alternating- 
current  circuits. 

(12)  Make  a  sketch  showing  how  you  would  connect 
three  Wurts  !,OUO-volt  alternating-current  arresters  on 
a  a,000-volt  line. 

(13)  Why  are  fuses  being  superseded  by  circuit-breakers 
on  lighting  switchboards  ? 

(14)  The  bus-bars  of  a  lighting  switchboard  have  to 
carry  1,300  amperes.  What  should  be  the  cross -section  of 
the  bars  and  give  the  dimensions  of  a  bar  that  would  answer  ? 

Ans.  About  1.3  sq.  in.,  or  3  in   wide  by  -{'j  in.  thick. 

(15)  What  are  pressure  wires  and  for  what  purpose  are 
they  used  ? 

(Hi)  ((()  What  is  an  electrostatic  voltmeter?  {/>)  Does 
an  electrostatic  voltmeter  require  any  eiirreiit  for  its  opera- 
tion ? 

(17)  ((()  For  what  are  potential  transformers  used  ?  {6) 
Make    a    sketch    showing    how    a    potential    transformer    is 

(18)  Explain  the  action  of  the  Thomson  inclined-coil 
type  of  alternatiiig-rurrent  ammeter. 

(I!))  What  is  an  ammeter  shunt  and  for  what  purpose  is 
it  used  ? 

(■JO)  (ii)  Is  it  necessary  to  ecjuip  each  dynamo  in  a  light- 
ing station  with  an  ammeter,  and  if  so,  why?  (d)  Is  it 
necessary  to  equip  each  feeder  with  an  ammeter  ? 
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(21)  If  the  equalizer  is  connected  to  the  positive  side  of 
a  machine,  in  which  side  should  the  ammeter  be  connected  ? 
Give  reason  for  your  answer. 

(22)  (a)  For  what  are  pilot  lamps  used  ?  {d)  Should 
they  be  connected  back  of  the  main  switch,  i.  e.,  between 
the  main  switch  and  the  dynamo,  and  if  so,  why  ? 

(23)  How  is  the  voltage  of  storage  batteries  used  in 
lighting  plants  usually  regulated  ? 

(24)  Draw  a  diagram  showing  how  you  would  connect 
two  compound- wound  direct-current  dynamos  for  parallel 
operation.  The  machines  are  to  feed  four  circuits,  each 
circuit  being  provided  with  a  main  switch  and  fuses.  Each 
dynamo  is  to  be  provided  with  a  main  switch,  circuit- 
breaker,  ammeter,  voltmeter  plug,  and  pilot  lamp.  Also 
provide  one  voltmeter  for  connection  to  either  dynamo. 

(25)  (a)  For  what  are  compensators  used  ?  (d)  Explain 
the  action  of  the  Mershon  compensator. 
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EXAMDfATIOI^^  QUESTIONS. 

(1)  Describe  the  general  construction  of  a  horizontal 
type  ratchet-feed  searchlight  lamp. 

(2)  Name  some  of  the  things  that  will  cause  burned-out 
s  lunt  coils  in  series  arc  lamps. 

(3)  What  are  some  of  the  main  points  of  difference 
between  an  alternating-current  constant-potential  arc  lamp 
and  a  direct-current  constant-potential  lamp  ? 

(4)  What  should  be  the  length  of  arc  (a)  for  a  2,000-nom- 
inal  candlepower  series  arc  lamp  ?  {/?)  for  a  1,200-nominal 
candlepower  lamp  ? 

(5)  What  is  likely  to  happen  if  constant-potential  en- 
closed-arc  lamps  are  operated  on  a  higher  voltage  than  that 
for  which  they  are  adjusted  ? 

(6)  (a)  What  kind  of  wire  is  generally  used  for  arc- 
light  lines  ?  (d)  Why  is  it  advisable  to  have  an  arc-light 
line  divided  into  loops  that  can  be  cut  out  by  means  of 
switches  ? 

(7)  (a)  What  is  meant  by  a  carbon-feed  enclosed-arc 
lamp  ?  (d)  What  are  some  of  the  advantages  and  disadvan- 
tages of  a  carbon  feed  ? 

(8)  At  what  current  and  voltage  are  series  enclosed-arc 
lamps  commonly  operated  ? 

§18 


JB  ELECTRIC    LIGHTING.  g  1» 

(9)  {a)  Why  is  a  single  coil  in  series  with  the  arc  inca- 
pable of  regulating  a  series  constant-current  arc  lamp  ? 
(/i)  Explain  the  action  of  a  simple  differential  series  arc 
lamp. 

(10)  Explain  the  action  of  a  simple  constant-potential 
lamp. 

(11)  Make  diagrams  showing  how  to  connect  arc  lamps 
on  (rt)  a  direct-current  constant-potential  system,  and  (d)  a 
constant-potential  alternating-current  system. 

(12)  (rt)  Why  is  it  necessary  to  have  an  automatic  cut- 
out in  series  arc  lamps  ?  {/•)  Why  is  it  necessary  to  use  a 
starting  resistance  in  some  styles  of  series  arc  lamp  ? 

(13)  How  is  the  regulation  of  the  Thomson-Houston 
series  arc  lamp  brought  about?  Is  this  a  differential  lamp 
or  is  the  feeding  action  controlled  by  the  shunt  coils  alone  ? 

(H)  (fl)  How  may  the  voltage  at  the  arc  on  a  General 
Electric  constant-potential  direct-current  enclosed-arc  lamp 
be  adjusted  ?  (^)  How  may  the  voltage  be  adjusted  on 
the  General  Ele'ctric  constant-potential  alternating-current 
lamp? 

(15)  (rt)  What  system  of  distribution  is  used  almost 
exclusively  for  street  lighting  by  means  of  arc  lamps  ?  {6) 
How  are  lamps  switched  out  on  such  a  circuit  ?  (r)  How 
must  the  voltage  of  the  dynamo  supplying  such  a  circuit 
vary  with  the  load  ?  {i/}  Does  the  current  vary,  and  if  not, 
how  is  ii  kept  constant  ? 

(ir.)  {,i)  What  is  a  multicircuit  arc  machine?  (A)  Ex- 
plain, by  means  cif  diagrams,  the  operation  of  two  arc  cir- 
cuits from  one  machine  and  point  out  the  advantages  that 
are  claimed  for  this  method  of  operation. 

(l?)  How  many  watts,  approximately,  do  the  following 
lamps  consume;  (a)  a  -i.lM)  nominal  candlepower  open-arc 
lamp  ?     {/))  a  1,'^00  numinal  candlepower  open  arc  ? 

(IS)  ((()  Of  what  are  ordinary  arc-lamp  carbons  generally 
made  ?     (/')  Why   do  eu<losed-arc   lamps    require    a  higher 
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grade  of  carbon  than  open-arc  lamps  ?     (r)  What  material 
is  generally  used  for  making  enclosed-arc  lamp  carbons  ? 

(19)  {a)  Make  sketches  showing  at  least  three  of  the  dif- 
ferent methods  of  arranging  the  carbons  for  searchlights  or 
other  projection  apparatus,     {b)  What  is  a  Mangin  mirror  ? 

(20)  (a)  In  direct-current  lamps  why  should  the  upper 
carbon  always  be  connected  to  the  positive  side  of  the  line  ? 
{b)  How  would  you  find  out  whether  a  lamp  were  burning 
**  upside  down  **  or  not  ? 

(21)  Does  the  direct-current  enclosed  arc  form  a  well- 
defined  crater  like  the  direct-current  open  arc,  and  if  not, 
what  shape  do  the  carbon  points  assume  ? 

(22)  What  amount  of  current  do  open-arc  direct-current 
series  lamps  usually  take  ? 

(23)  {a)  What  is  an  enclosed  arc  ?  {b)  How  does  the 
consumption  of  carbon  in  an  enclosed  arc  compare  with  that 
in  an  open  arc  ?  {c)  Give  a  description  of  the  general 
arrangement  of  an  enclosed  arc. 

(24)  What  are  the  characteristic  features  of  a  direct- 
current  arc  formed  in  open  air  between  carbon  points  ? 

(25)  {a)  What  is  the  approximate  temperature  of  the 
electric  arc  ?  {b)  Does  an  arc  lamp  using  a  large  current 
produce  a  higher  temperature  at  the  arc  than  one  using  a 
small  current  ?  {c)  What  is  the  effect  of  increasing  the  cur- 
rent supplied  to  an  electric  arc  ? 

(26)  {a)  In  what  direction  does  an  open-arc  direct- 
current  lamp  throw  the  greatest  amount  of  light  ?  {b)  Why 
should  reflectors  be  used  with  alternating-current  arc  lamps  ? 


ELECTRIC   LIGHTING. 

(PART  4.) 


EXAMDfATIOK^   QUESTIONS. 

(1)  In  Fig.  31,  where  would  the  plugs  be  inserted  if 
machine  A  were  connected  to  circuit  /  and  if  machine  C 
were  running  circuits  2'  and  S'  in  series,  machine  B  being 
shut  down  ? 

(2)  Draw  a  diagram  showing  how  you  would  connect  a 
pair  of  Thomson  lightning  arresters  on  an  arc-light  circuit. 

(3)  How  would  you  cut  out  an  open-circuited  coil  on  an 
arc  machine  having  a  closed-circuit  ring  armature  ? 

(4)  (a)  Into  what  two  classes  may  constant  direct-cur- 
rent arc  machines  be  divided  ?  (d)  Name  some  common 
mak^  of  machine  belonging  to  each  of  the  classes. 

(5)  For  what  are  transfer  boards  used  in  connection  with 
arc-light  switchboards  ? 

(6)  How  would  you  locate  a  ground  on  an  arc  line  by 
using  a  voltmeter  ? 

(7)  Give  a  general  description  of  the  method  by  which  a 
Brush  arc  machine,  equipped  with  an  oil  regulator,  is  made 
to  regulate  for  constant  current. 

(8)  Name  some  of  the  chief  points  of  difference  between 
the  new  and  old  styles  of  Brush  arc  dynamo. 
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(9)  Name  some  of  the  precautions  to  be  taken  when 
connecting  up  circuits  and  dynamos  on  an  arc  ping  switch- 

(10)  Why  is  it  necessary  to  provide  constant  direct-cur- 
rent arc  machines  with  a  regulator  ? 

(11)  On  the  board  shown  in  Fig.  27,  what  would  be  the 
position  of  the  plugs  when  machine  A  is  operating  circuit  / 
alone,  circuit  3  being  dead,  machine  B  operating  circuits  5 
and  4  in  series,  and  machines  C  and  D  being  shut  down  ? 

(13)  If  alternating-current  series  arc  lamps  are  to  be 
operated,  is  the  alternating  current  usually  generated  at 
constant  potential  or  constant  current  ? 

(13)  What  is  the  characteristic  feature  of  flashing  at  the 
brushes  of  an  arc  machine  when  it  is  caused  by  an  open  cir- 
cuit in  the  shunt  coils  of  one  or  more  of  the  lamps  ? 

(11)  Describe  the  principle  and  action  of  the  Thomson 
constant -current  transformer. 

(IS)  About  what  should  be  the  length  of  spark  at  the 
brushes  on  a  T.  H.  machine  when  running  under  normal 
conditions  ? 

(Ifi)  Name  some  of  the  different  methods  that  may  be 
used  for  operating  series  arc  lamps  from  constant-potential 
alternators. 

(17)  Give  some  of  the  defects  that  will  lead  to  flashing 
on  a  T.  H.  arc  machine. 

(If*)  Describe  the  method  of  locating  a  break  in  an  arc- 
light  line  by  using  a  magneto-bell. 

(19)  («)  Why  is  it  that  in  some  cases  two  arc  machines 
will  not  regulate  well  when  run  in  series  ?  {/')  How  wouki 
you  remedy  matters  ? 

(20)  Name  some  of  the  defects  that  will  give  rise  to 
excessive  sparking  at  the  brushes  of  a  T.  H.  arc  dynamo. 

(21)  llciw  would  you  right  matters  if  the  polarity  of  a 
series  arc  machine  should  become  reversed  ? 
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(22)  For  what  purpose  is  a  rheostat  sometimes  used  in 
shunt  with  the  field  of  a  Thomson-Houston  arc  dynamo  ? 

(23)  Describe  how  you  would  locate  a  ground  on  an  arc- 
light  line  by  using  a  magneto-bell. 

(24)  If  a  coil  on  an  armature  is  cut  out  on  account  of  a 
short  circuit  in  it,  why  should  the  coil  be  rewound  before  an 
attempt  is  made  to  operate  the  machine  ? 


INTERIOR  WIRING. 

(PART  1.) 


EXAMINATION   QUESTIONS. 

(1)  In  wiring  a  building  for  incandescent  lamps,  why  is 
it  important  to  have  the  drop  in  the  various  circuits  limited 
to  a  small  amount  ? 

(2)  {a)  For  what  class  of  work  is  **  slow-burning " 
weather-proof  wire  allowable  ?  (d)  How  must  this  wire  be 
supported  ? 

(3)  Where  do  the  Underwriters*  rules  require  automatic 
cut-outs  (fuses  or  circuit-breakers)  to  be  placed  ? 

(4)  (a)  Why  is  it  poor  economy  to  burn  incandescent 
lamps  after  they  have  become  dim  ?  (6)  What  is  the  effect 
of  burning  lamps  above  their  normal  voltage  ? 

(5)  How  would  you  calculate  the  sizes  of  wire  required 
for  house  wiring  on  the  three- wire  110-220- volt  system  ? 

(6)  Current  is  supplied  to  120  IG-candlepower  llO-volt 
incandescent  lamps  on  the  three-phase  system.  What  will 
be  the  current  in  each  of  the  three  wires  if  each  lamp 
requires  ^  ampere  ?  Ans.  34.  G  amperes. 

(7)  (a)  About  how  many  watts  per  candlepower  does 
an  ordinary  incandescent  lamp  take  ?     {/?)  A  32-candlepower 

§26 


S  INTERIOR    WIRING.  §  2G 

lamp   requires   i   watts   per   candle  and   is  operated   in  a 
110- volt  circuit ;  what  current  will  the  lamp  take  ? 

Ans.   {b)   I.IG  amperes. 

(8)  {a)  For  what  are  cut-outs  used  ?  (b)  How  are  they 
usually  constructed  ? 

(9)  If  500  IG-candlepower  lamps,  each  taking  i  ampere, 
are  to  be  supplied  by  a  110-volt,  four-wire,  two-phase  sys- 
tem, what  will  be  the  current  in  each  line  wire? 

Ans.    I'i5  amperes. 

{10)  What  are  the  Underwriters'  requirements  relating 
to  joints  for  wires  used  in  connection  with  interior  wiring  ? 

(11)  Point  out  some  of  the  differences  between  open-  and 
enclosed -arc  lamps. 

(13)  A  pair  of  feeders  are  to  be  installed  in  a  factory 
building  to  carry  current  for  500  IC-candlepower  110-volt 
lamps  from  the  dynamo  room  to  a  center  of  distribution 
situated  in  another  building;  the  total  distance  {one  way) 
from  the  dynamo  room  to  the  center  of  distribution  is 
40')  feet  and  the  drop  is  to  be  limited  to  5  volts.  («)  What 
size  wire  will  be  required  ?  (i)  What  size  wire  would  he 
required  if  the  carrying  capacity  alone  were  considered  ? 
Assume  that  weather-proof  wire  is  used. 

(i;t)  Is  the  carrying  capacity  of  rubber-covered  wire  as 
given  by  the  Underwriters  as  large  as  that  of  weather-proof 
.ire;  [f  not.  why  ? 

(14)  Why  is  it  not  necessary  to  use  large  wires  in  order 
to  avoid  a  drop  when  connecting  constant-potential  arc 
lamps  ? 

(15)  {<i)  Are  the  odd  sizes  of  wire  between  Nos.  7  and 
14  used  for  interior  wiring,  and  if  not,  why  ?  (d)  What  is  a 
mil? 

(Hi)  In  laying  out  the  branch  circuits,  what  determines 
the  number  of  lamps  to  be  allowed  on  any  one  circuit  ? 

(IT)  Int'>  what  three  general  classes  may  fires  caused  by 
defective  wiring  be  divided  ? 
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(18)  The  illustration  shows  a  wiring  plan  of  a  network 
that  supplies  current  to  110-volt  lamps  and  motors  as  indi- 
cated, (a)  Make  a  sketch  and  indicate  the  current  flowing  at 
a,  b,  c,  d,  and  e,     {b)  Mark  the  sizes  of  wire  necessary  for  the 
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various  parts  of  the  system  in  accordance  with  the  Under- 
writers* requirements,  assuming  that  rubber-covered  wire 
is  used,  (c)  Show  where  main  cut-outs  or  branch  blocks 
would  be  required  and  the  size  of  fuses  to  be  used  in  order 
to  protect  the  wire. 

(19)  What  are  the  four  most  important  things  to  be  con- 
sidered when  installing  a  job  of  wiring  ? 

(20)  What  is  the  effect  of  supplying  a  system  designed 
for  high  voltage,  say  104  volts,  with  low  voltage,  say 
52  volts  ? 

(21)  When  may  single-pole  switches  be  used  in  an  interior 
wiring  installation  ? 

(22)  {a)  What  is  the  smallest  size  of  wire  allowable  for 
interior-wiring  work  outside  of  fixture  wiring  ?  {b)  If  no 
requirements  must  be  met  in  regard  to  line  drop,  what 
determines  the  minimum  sizes  of  wire  to  be  used  for  a  given 
installation  ? 

(23)  Into  what  two  classes  of  circuits  may  house  wiring 
usually  be  divided  ? 
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(34)  (a)  What  is  the  principal  advantage  of  the  three- 
wire  system  ?  (/')  What  are  some  of  the  disadvantages  of 
the  three-wire  system  ? 

{'is)  Why  should  the  two  sides  of  a  circuit  always  be  run 
in  the  same  conduit  when  alternating  current  is  used  ? 

(30)  {a)  Why  should  unprotected  wires  never  be  laid 
in  plaster  ?  (d)  Why  should  electric -light  wires  never  be 
fastened  with  staples? 


INTERIOR  WIRING. 

(PART  2.) 


EXAMINATION   QUESTIONS. 

(1)  By  the  aid  of  Table  I  determine  the  size  of  wire  that 
would  be  required  for  a  line  (2  wires)  extending  a  distance 
of  120  feet  and  carrying  30  amperes  with  a  drop  not  exceed- 
ing 3  volts.  Ans.   No.  0  B.  &  %S. 

(2)  Find  the  area  in  circular  mils  of  a  round  wire  |^  inch 
in  diameter. 

(3)  After  a  building  has  been  wired,  what  tests  should 
be  made  ? 

(4r)  {a)  What  tests  and  observations  docs  tlic  l-nd*  r 
writers'  inspector  usually  make?  (d)  When  should  r«.n 
cealed  work  be  inspected  by  the  Underwriters'  itispci ioi  f 

(5)  What  instrument  is  generally  used  in  icsiiii^  out 
connections,  and  also  in  testing  for  grounds  and  <  lo^r^ch  f 

(6)  What  size  B.  &  S.  copper  wire  should  he  ummI,  alluw 
ing  a   drop  of  2  volts,   to  supply   a  grr>u|>   of   ho    I|(»  volt 
16-candlepower  incandescent  lamps  at  a  distant  t-  (nuc  way) 
of  200  feet  ?     Each  lamp  requires  ^  am  pert!. 

Ans.    No.  I  H.  K'  S. 

(7)  What  is  the  diameter  of  a  win:  having  u  Hiii^i^- 
sectional  area  of  10,Kl(i  circular  mils  ?  Ans.     |n4  in. 

(8)  What  will  be  the  current  in  tlit:  outside  wires  of  an 
evenly  balanced  three-wire   system  supplying  liO  lamps  if 
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each  lamp  requires  52  watts  ?  There  is  a  drop  of  2  volts  in 
each  outside  wire,  and  the  pressure  between  the  outside 
wires  at  the  center  of  distribution  is  220  volts. 

(9)  Determine,  by  means  of  Table  11,  what  size  of  wire 
would  be  required  to  transmit  30  amperes  a  distance  of 
120  feet  (one  way)  with  a  line  drop  not  exceeding  3  volts. 

Ans.   No.  6  B.  &  S. 

(10)  Calculate  the  size  of  wire  necessary  to  supply 
50  It!-candlepower  110-%'olt  lamps  located  in  a  group  at  a 
distance  of  150  feet  (one  way)  from  the  center  of  distribution, 
allowing  a  drop  not  to  exceed  2  volts.      Ans,  No.  4  B.  &  S. 

(11)  In  a  building  already  wired,  the  drop  in  a  certain 
feeder,  extending  a  distance  of  100  feet  (one  way),  is  excess- 
ive. The  feeder,  which  consists  of  a  No.  6  wjre,  carries 
40  amperes.  What  size  of  wire  should  be  connected  in  par- 
allel with  the  No.  (i  wire  so  as  to  reduce  the  drop  to  2  volts  ? 

Ans.   No.  8  B.  &  S. 

(13)  What  are  the  Underwriters'  requirements  (a)  about 
supporting  wires  in  damp  places  ?  (fi)  about  the  use  ni 
fuse  blocks  and  rosettes  in  damp  places  ? 

(K()  ((()  Where  may  wooden  molding  for  wires  be  used  ? 
(/')   Where  must  it  ri<)t  be  used  ? 

(14)  What  two  important  conditions  require  additional 
precautions  for  ship  wiring  ? 

(l.i)  {,/)  What  api)li:uK-esdo  the  Underwriters  requirelo 
lie  pUned  at  a  cnnvciiit'iit  ])oint  ii<;ar  where  the  wires  entt-r  a 
iHiildiiig  in  addition  ti>  thu  meter  that  is  usually  installed:- 
(/')  In  what  order  should  these  aiijiliances  be  placed  7 

(Hi)  Make  a  sketch  showing  how  a  lamp  or  group  of 
lamps  may  he  controlled   independently  from  two  different 

(17)  Why  shoul<l  ^"""1  metallic  connections  be  made 
between  all  metal  eondiiit  pipes,  outlet  bo.tes,  etc.  and  the 
ground  ? 
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(18)  (aj  W!lj  s  zjzit  fxtxfzurt  xmf:c»tf  aycdmi  not  so  good 
as  the  irocKOTcri5C  incifxr:  -  ;■  "ST^t  kinds  of  conduits 
for  concealed  miz'juz  ar*  nnr  i^criT'tti  bj  the  Under- 
writers? 


(19)     What  »  tbt  *:-:a.-j»d  j.cc  «7«cem  of  wiring  ? 

(to)     What  ta:v=is:  iKr  o-.c^r  w'lttz.  tbt  ?i»t  of  wire  is  changed 
at  a  jnnctioci  box  ? 

(21)     Where  wire*  ir*  ir-^«::zrt  thro^cgh  the  wall  to  oat- 
lets  or  cut-octs.  wrar  i,r-t:ra-ni:c;5  niist  be 


(22)     How  mcst  wir»s  be  s^upjjcned  in  cocceakd  knob- 
and-tube  work  ? 


(23)  Why  win  two  wires  (jt  safelr  carry  more  ctirrent 
than  one  wire  of  wrsiTaiKit  cross-«ectioQ  and  iri  ?ive  the 
same  drop  with  tbe  sasae  vxal  csrrent  ? 

(24)  A  wireman  baring  at  hand  only  some  X*x  14  wire 
desires  to  ran  a  liz/t  a  distance  i^f  V*}  feet  t>  5u?»v>!t 
50  IG-candlejwwer  lamps  requiring  |  aispere  each.  Ho>w 
many  Xo.  14  wires  mast  be  nm  in  m:iit:t>:e  in  order  :o  iiive 
a  drop  of  abont  3  volts  ? 

Ans.  Four  Xo,  14  wires  on  each  sice  of  the  circ:i:t. 

(25)  In  damp  pbices  iaj  what  kind  c^  sockets  3n:3St  Nc^ 
used  and  (b)  how  should  they  be  put  up  ? 

(26)  (a)  Where  may  5ingle-pc»k  switches  be  usaev!  ^ 
(b)  Why  are  they  used  when  }K»s5ible  in  prcfeitrnoe  :v> 
double-pole  switches  ? 

(27)  Why  is  it  that  Xo.  14  wire  is  generally  ;25!<n!  !\>t 
lamp  circuits  in  all  ordinary  dwelling  houses  : 
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(PART  :i.) 


EXAMIXATIOX  QUESTIONS. 

(1)  Where  it  is  necessary  to  install  wires  very  cheaply 
for  temporary  or  occasional  use  and  for  s^jme  special  pur- 
pose, such  as  the  illumination  of  the  entire  outside  of  a 
building,  what  are  the  important  items  to  be  kept  in  view 
and  what  are  not  so  important  ? 

(2)  What  are  considered  as  high-potential  circuits  ? 

(3)  On  what  does  the  ratio  of  the  electromotive  force  at 
the  terminals  of  the  primary  and  secondary  winding  of  a 
transformer  depend  ? 

(4)  Why  cannot  the  same  protective  devices  be  used  on 
constant-current  as  on  constant-f)otential  circuits  ? 

(5)  What  sort  of  switches  must  be  used  for  constant- 
current  systems  ? 

(6)  (a)  What  is  a  self-restoring  annunciator  ?  (ff)  What 
are  its  advantages  ? 

(7)  To  what  class  of  work  is  the  use  of  high-p>otential 
direct  ctirrent  almost  exclusivelv  confined  in  the  United 
States? 

(8)  Why  do  the  Underwriters'  rules  prohibit  the  oper- 
ation of  motors  or  lights  from  street-railway  circuits,  except 
on  street  cars,  or  in  car  bams,  or  railway  p>ower  houses  ? 

(9)  State  two  particulars  in  which  the  wiring  for  ci^n- 
stant-current  arc  lamps  differs  from  that  for  other  open 
work- 
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(in)  (a)  How  must  a  motor  and  starting  resistance  box 
be  protected  ?  {i)  When  may  single-pole  switches  be  used 
with  motors  ? 

(n)  Why  is  it  bad  practice  to  bring  the  wires  of  high- 
voltage  systems  inside  a  building  ? 

{12}  When  the  frame  of  a  high-potential  machine  cannot 
be  insulated  from  the  ground,  what  should  be  done  ? 

(13)  ((()  Name  two  kinds  of  stage  dimmers,  (i)  With 
what  current  systems  may  each  be  used  ? 

(14)  Is  it  allowable  to  use  the  gas  pipe  as  part  of  the 
electric  gas-lighting  circuit  on  fixtures  wired  for  ejectric 
light  ? 

(15)  What  is  the  greatest  danger  to  be  feared  in  the  u.se 
of  transformers  ? 

(Hi)  What  kind  of  wire  is  the  best  to  use  for  bell  and 
annunciator  work  when  it  is  exposed  to  considerable  mois- 
ture ? 

(17)  What  is  said  in  the  Underwriters'  rules  concerning 
the  use  of  circuit-breakers,  automatic  starting  boxes,  and 
automatic  underload  switches  ? 

(IS)  What  are  the  ordinary  requirements  connected  with 
tli<;  installaticin  of  transformers  ? 

(Ill)  {(()  Of  what  dues  the  most  common  form  of  theater 
dimmer  consist  ?     (/')   How  Is  it  connected  in  the  circuit  ? 

(■■,'n)  If  metal  staples  are  used  to  fasten  down  bell  and  _ 
aiuiunciiitor  wires,  what  jirecautions  should  be  taken  ? 

(■-Jl)  Whfii  incandescent  lamps  are  coiuiected  in  series  in 
a  circuit,  state  at  least  two  of  the  Underwriters'  rules  con- 
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A  KEY 

TO    ALL    THE 

QUESTIONS    AND    EXAMPLES 

CONTAINED   IN   THE 

TgXAMTKATlOy   QITEHTIOKH 

Included  in  this  Volume, 


The  Keys  that  follow  have  been  divided  into  nitciumn  (Uft' 
responding  to  the  Examination  Qn^%t'umn  to  wU'kU  \Uty 
refer,  and  have  been  given  corresp^^nding  iw:/;ti//fi  niirnb^rrtt, 
The  answers  and  solutions  have  been  nuniU;rc/l  to  /;//rr<! 
spond  with  the  questions.  When  the  annwnr  Vt  a  um^niintt 
involves  a  repetition  of  statemcmtft  given  in  tiM;  In^triM  Iton 
Paper,  the  reader  has  been  referred  V^  a  unui\tfji'A  itti\i  I*', 
the  reading  of  which  will  enable  him  i/p  '^rti^WKf  th^;  t^u*'%\  inu 
himself. 

To  be  of  the  greatest  benefit,  tb^  Kny%  %hoH\t\  I/*-  iiiM'd 
sparingly.  They  should  be  tt*ed  mw}*  iu  tb^  *;imm'  Hmitht  i 
as  a  pupil  would  go  to  a  tea^^hifrr  f^'/f  iu%i.f*uMffU  wiih  m  j/^imI 
to  answering  some  example  be  wa*  nuk}M  «//  v/lv  H  mm  '1 
in  this  manner,  the  Ktry%  wiH  ♦/>;  -^yf  '/jk*^  \t*'\\f  uh^i  iu^nhvl 
ance  to  the  student^  and  w;!!  t>»e  a  v/*Jf'A  '//  *  ttf^fU9  4^t  mt  n^ 
to  him  in  studying  tiie  rari'/iii  y^y^t  ^//fhp^A^fZ  •  >^^  ^  ^/^^^  m 
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ELECTRIC  LIGHTING. 

(PART  1.) 


(1)  See  Art.  70. 

(2)  {a)  A  sketch  similar  to  that  shown  in  Viyr.  3*^  \h 
required. 

{b)  The  large  transformers  are  more  efficient,  and  a  few 
large  transformers  are  easier  to  look  after  and  to  k<:r|)  in 
repair  than  a  number  of  small  ones.     See  Art.  OiJ. 

(3)  {a)  In  parallel.     See  Art.  46. 

{b)  In  multiple  series,  two  in  series  on  220  voltn  and  fivr, 
in  series  on  600  volts.     See  Art.  48. 

(4)  See  Arts.  55  and  56. 

(5)  {a)  The  filament,  the  bulb,  the  lea^Jing-in  winn,  and 
the  base. 

(b)  Carbon;  usually  the  carlx^n  is  made  by  rarf>oni/Jn^/r  ;i 
squirted  cellulose  thread. 

(^r)  Platinum;  because  it  d^^es  not  oxidi/.<:  ;ind  itU-^i 
because  it  has  very  nearly  the  same  (jM-Mii/ujii  of  <:x|/;irit;iori 
as  glass. 

(6)  (a)  The  Edison,  Thorns^  mi  I  ouKV^ti,  utn\  W-nlMiK 
house. 


(*)    The  Edison.     See  Art*,  15  an/J  16, 
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(7)      [a)  The  standard  candle. 

(*)    1  candle  =  L14:  Hefner  units.      See  Art.  19. 

(S)  (a)  A  photometer  is  an  instrument  for  comparing  the 
candlepower  of  two  sources  of  light  and  for  measuring  the 
candlepower  of  a  source  by  comparing  it  with  a  standard 
whose  candlepower  is  known.      See  Art.  80. 

{*)     See  Art.  24. 

(9)  In  this  case,  the  distance  of  the  standard  from  the 
screen  is  350  divisions;  hence,  from  formula  3,  </,  =350. 
The  distance  of  the  lamp  from  the  screen  is  600  —  .350  =  130 
=1  *y,;  hence,  the  candlepower  of  the  lamp  test  is,  from 
formula  8, 

/=  ;t2|^=  5.88  c.  p.     Ans. 

(Kt)  (k)  The  mean  horizontal  candlepower  is  the  average 
of  the  light  intensities  given  out  by  the  lamp  in  all  directions 
in  the  horizontal  plane. 

(/')  It  is  usually  determined  by  spinning  the  lamp  about 
a  vertical  axis  while  the  measurement  is  being  made  on  the 
phntometer.      See  Art.  2S. 

(11)     (,>)   Prom  ],--tr,U'  tn  i.-.mi"  C. 

{/')     Alinui   :i,:i:i    watts   per  candlepower.     See  Arts.  3!3 

and  ;{;{. 

(\-i}     Sf(.'  .An.  lU't.    A|i[ilyLng  the  rule  there  given,  we  have 
NuniliLT  nl  l;tnips  — — =  500.      Ans. 

(i;t)  (ii)  A  system  in  which  the  current  is  carried  from 
the  station  to  ci'iUcrs  <if  distriliutiun  by  means  of  feeders, 
whirh  are  ma  ta|>pcd  at  any  intermediate  point.  From  the 
distriljutinjr  centers  the  ctirrent  \^  supplied  to  the  customers 
hy  [neans  of  (lislril)iitinfv  mains.      See  Art.  51. 

{/')  Since  Uuiips  arc  not  ta|.|>cd  off  the  feeders  at  inter- 
mediate points,  a  large  drop  may  be  allowed  in  the  feeders 
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witbont  ransimg  Isc^  xarianaois  ir  "zht  lamp  viihjujt.  Als»\ 
it  allows  the  drEtrtan  serrianj.  cc  rbt  Frsaian  xo  be  readDj 
ccHitroDed  from  titf:  sTHtirir.      Set  ArL.  53L 


(14)     See  An,  15  khz  Fir.  41. 


(15)  Uf  TccsJ    i-ij:gi:i    in    feeders    =  4|± -l  i|± -^  ip 

=  3t5  anipfTfcs,  since  eaci  InTrrp  rwjnires  i  ampere.  Total 
drop  =  It  Tc»hs:  cr:»p  i:;  Tnarry^  =  S-->  rolls;  drop  in  boose 
wiring  =1.5  Trois;  t.C-cZ  drco  i::  ma^ri^  and  bouse  wiring 
=  5  vcJts:  dr^ztp  in  ft^edtrs  =  i'2  —  5  =  7  volts.  Tbc  sixe  of 
tbe  varions  fecaders  mar  ut  calculated  br  using  f oroiala  5. 
For  tbe  main  feeders  w^  bare 

A  = ;i^ =  t90^ « 14  or.  mils.     Ans. 

(^)  Cmrcnt  in  mains  D  is  150  amperes  and  distance  is 
300  feet- 

Hence, 

.      ^1.6  X  l¥s  /  ^j*j 
A  = — =  "277,714  cir.  mils.     Ans. 

•J  ») 

(r)     Current  in  £"  =  75  amperes;  distance  =  400  feet. 
Hence, 

-       21.6  X  75  X  400      ,    ,  ,,o  1         % 

A  = — -:; =  li<o,143  cir.  mils.     Ans. 

(^)     Current  in  /^=  100  amperes;  distance  =  200  feet. 
Hence, 

.      21.6X100X200       ,^^  ,^o    •  1         X 

A  = -—:, =  123,428  cir.  mils.     Ans. 

(16)  We  will  call  /  the  brightness  of  the  source  of  light 
and  jr,  the  degree  of  illumination  of  the  object  when  it  is 
placed  10  feet  from  the  source.     Then,  from  formula  1, 


•^»  ""  lO** 
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Also,  if  .r,  represents  the  degree  o(  illumination  in  the 
second  position,  we  have 

/ 


Hence,  we  have 


/ 

£,_    100 


1,225 

^,_  1,225 
x,~    100' 

jr,  =  12.25  X,. 

That  is,  the  itiutninatiun  al  a  distance  of  10  feet  is  1'i.25 
times  us  great  as  that  at  35  feE:t,  or  the  illumination  is 
reduced  13.25  times.      See  Art,  31. 

(17)  See  Art.  37. 

(18)  (u)  The  hot  resistance  is  much  less  than  the  cold 
resistance,  because  the  resistance  of  carbon  decreases  as  the 
temperature  increases. 

(If)     About  -Z-U)  ■)hms.      Sl-c  latter  part  of  Art.  .35. 

(I'J)  Sec  Art.  ;j5.  The  current  required  for  each  lamp 
wilt  be  ci[iiLil  t.i  ^^— .  and  f.)r  IGO  lamps  it  will  be 
— =  H.i.on  ainpL-rus.     Ans. 

(■^0)  (n)  The  caiidlcpowcr  that  the  lamp  gives  in  the 
several  directiuiis  reduced  tn  what  the  candlcpower  would 
he  if  the  light  were  given  uul  uniformly  in  all  directions. 
See  Art.  30. 

(fi)     No;  the  mean    horiKontal   candlep<)wer  is   generally 

(-ii)  The  b.n)sler  must  generate  -in  volts  and  carry 
500  amperes;  hence,  its  capacity  will  be  :>5  X  500  =  12,500 
watts,  or  ia.5  K.  W,      Ans. 
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(22)  See  Fig.  30.  The  sketch  required  will  be  somewhat 
similar  to  Fig.  30  except  that  a  two-wire  circuit  should  be 
shown,  and,  of  course,  only  one  booster  will  be  required. 

(23)  In  working  the  problem,  we  will  consider  the  outside 
wires  only  and  treat  it  as  if  it  were  a  two-wire  system.  The 
current  supplied  the  lamps  E  will  be  1  ampere  for  each  pair 
of  lamps,  because  the  lamps  are  32  candlepower.  The  cur- 
rent supplied  to  branch  E  will,  therefore,  be  18  amperes. 
The  current  supplied  to  F  will  be  ^^  =  75  amperes,  because 
these  lamps  are  of  16  candlepower.  The  total  current  in  the 
outside  wires  C  will,  therefore,  be  75  -|- 18  =  93  amperes. 

(a)  The  drop  in  each  of  the  feeders  C  is  5  per  cent, 
of  110,  or  5.5  volts,  or  the  total  drop  for  both  sides  is  11  volts, 
and  by  applying  formula  6,  we  have 

.        21.6  X  93  X  300       ^.  ^^^    .         .,         . 
A  = z^j =  54,785  cir.  mils.     Ans. 

{p)  The  mains  D  carry  75  amperes  and  the  drop  on  each 
side  is  3  per  cent. ,  or  3. 3  volts.  The  total  drop  in  the  outside 
wires  is,  therefore,  6.6  volts.  The  distance  is  500  feet; 
hence, 

-       21.6  X  75  X  500       ,„„  „^^    .         .,         . 
A  = ;— ; =  122,727  cir.  mils.     Ans. 

o.  b 

if)  In  this  case,  the  center  of  distribution  is  350  feet  from 
the  junction  box ;  hence,  the  distance  to  be  used  in  the  for- 
mula is  350  feet.  The  current  is  18  amperes  and  the  drop 
IS  5  per  cent,  on  each  side,  or  11  volts  between  the  outside 
wires. 

A  =  '^^■^^^^^^^^  =  12,371  cir.  mils.     Ans. 

It  will  be  noticed  that  the  branch  feeders  and  mains  D  call 
for  a  larger  wire  than  the  main  feeders  C,  although  they 
carry  less  current.  This  is  because  of  the  longer  length  of  D 
and  the  small  drop  allowed. 

(24)  See  Arts.  41  and  43, 
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(25)  See  Art.  85.  Total  power  supplied  to  lamps 
=  3,000X16  X  3.5=  1(!8,000  watts;  power  delivered  at  end  of 
line  to  primariesof  transformers  =  168,000  +  .Ofl  X  168,000 
=  1T6,400. 

Referring    to  Electric  Transmission,    Part  1,  and  using 

the  formula 

„.      ,        .,       Z>  X  W     , 
Circular  mils  =  prryi  X  '. 


Px  £' 


we    have   i  for   this   case  =  1,20 
tV=  178,400,  E,  =  4,000;  hence. 


Circular  mils  =  ^^^  X  4,Q00  x  4.000^  1.200  =  ae.iOQcir.mil 
Therefore,  a  No.  6  B.  &  S.  wire  should  be  used.     Ans. 


ELECTRIC    LIGHTING. 

(PART  2.) 


(1)  See  Art.  57. 

(2)  See  Art.  33. 

(3)  Switches,  bus-bars,  ammeters,  voltmeters,  circuit- 
breakers  or  fuses,  rheostats,  ground  detectors,  and  lightning 
arresters.     See  Art.  1. 

(4)  {a)  To  allow  the  voltage  on  the  individual  feeders 
running  from  the  station  to  be  varied. 

(*)     See  Art.  64. 

(5)  (a)  Two  rheostats  are  generally  used. 

{b)  One  is  connected  in  series  with  the  separately  excited 
field  of  the  alternator  and  the  other  in  series  with  the  shunt 
field  of  the  exciter. 

(^r)  Yes,  if  a  very  fine  adjustment  is  not  required  and  if 
a  single  exciter  is  not  used  to  excite  several  alternators. 
See  Art.  48. 

(6)  (a)  Make  a  sketch  similar  to  Fig.  37. 
{b)  See  Art.  29  for  description. 

(7)  (a)  Current  transformers  are  used  in  connection 
with  alternating-current  ammeters  when  the  current  to  be 
measured  is  v^ry  large  or  when  it  is  not  desirable  to  bring 
the  high-pressure  lines  in  contact  with  the  instrument. 
The  use  of  the  transformer  avoids  the  carrying  of  heavy 
currents  through  the  ammeter  and  makes  it  much  easier  to 
construct  and  connect  up. 
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(*)  Make  a  sketch  of  connections  similar  to  those  shown 
in  Fig.  18.     See  Art.  13. 

(8)  (a)   Make  a  sketch  similar  to  Fig.  36.      See  Art.  88 

for  description. 

(A)  Because  the  voltmeter  gives  a  better  idea  than  the 
lamps  as  to  whether  or  not  the  ground  is  a  bad  one,  or,  in 
other  words,  a  voltmeter  gives  some  idea  as  to  the  resist- 
ance of  the  fault. 

(9)  (a)  Ordinary  knife-blade  switches,  as  shown  in  Figs.  !, 
2,  and  3. 

(If)  Quick-break  switches,  as  shown  ii\  Figs,  i  and  5,  or 
switches  in  which  the  arc  is  formed  in  a  confined  space,  as 
in  the  Westinghouse  switch  shown  in  Fig.  7.  Where  very 
high  pressures  have  to  be  handled,  oi!  switches  are  often 
used.      See  Arts.  8  to  7,  inclusive. 

{Id)  The  arc  is  formed  in  a  confined  space  and  is  broken 
by  means  of  a  coil  that  forces  an  iron  plunger  into  the  tube, 
thus  drawing  out  the  arc.      See  Art.  35. 

(11)  Make  a  sketch  similar  to  Fig.  :J9.  See  the  latter 
part  of  Art.  31  for  description. 

(I'i)  The  connections  would  be  somewhat  similar  to  those 
shown  in  Fig.  Hi,  except  that  three  arresters  would  be  con- 
nected in  series  and  the  middle  cylinder  of  the  middle 
arrester  would  be  connected  to  the  ground. 

(II!)  Because  circuit-breakers  are  more  reliable  and  can 
be  depended  on  to  open  the  circuit  more  promptly  than 
fuses.  The  blowing  point  of  fuses  is  very  often  affected  by 
the  way  in  which  they  are  mounted,  currents  of  air,  length 
of  fuse,  etc.  Circuit-breakers,  on  the  other  hand,  must  be 
kept  clean  and  in  good  order  if  they  are  to  be  relied  on, 

(14)  Allowing  1,000  amperes  per  square  inch  of  cross- 
section,  we  have  area  of  cross-section  =  Ji[;)||  —  1.3  square 
inches.      A  bar  3  inches  wide  and  ,'„    inch  thick  will  answer. 

(15)  Pressure  wires  are  small  wires  run  to  the  station 
from  the  main  centers  from  which  the  light  is  distributed. 
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These  wires  connect  to  the  voltmeter  in  the  station  and  the 
instruments  indicate  the  voltage  at  the  various  centers  of 
distribution.  The  voltmeter  requires  such  a  small  current 
that  there  is  practically  no  drop  in  the  pressure  wires.  See 
Art.  16. 

(16)  {a)  One  that  depends  for  its  action  on  the  re- 
pulsion or  attraction  of  bodies  carrying  static  charges  of 
electricity. 

(d)  No;  at  least  the  current  is  not  appreciable  because 
the  capacity  of  these  instruments  is  exceedingly  small. 
See  Art.  14. 

(17)  (a)  Potential  transformers  are  used  to  step  down 
the  voltage  so  that  an  ordinary  voltmeter  may  be  used  to 
indicate  the  line  pressure.     See  Art.  12. 

{b)     Make  a  sketch  similar  to  Fig.  16. 

(18)  See  Art.  11. 

(19)  An  ammeter  shunt  is  a  low  resistance  connected  in 
shunt  with  the  ammeter  and  in  series  with  the  circuit. 
The  greater  part  of  the  current  flows  through  the  shunt,  but 
a  small  fixed  proportion  also  flows  through  the  ammeter, 
and  the  ammeter  scale  can  be  marked  to  indicate  the  cur- 
rent in  the  main  circuit.     See  Art.  10. 

(20)  (a)  Yes;  because  one  must  be  able  to  tell  at  a 
glance  just  what  load  each  machine  is  carrying. 

(6)  No,  it  is  not  absolutely  necessary,  but  it  is  nearly 
always  done  in  well  equipped  plants.     See  Art.  9. 

(21)  The  ammeter  should  be  connected  in  the  negative 
side,  because  part  of  the  current  delivered  by  the  armature 
of  the  machine  may  flow  through  the  equalizer,  and  an 
ammeter  connected  in  the  positive  lead  would  not  indicate 
the  true  load  on  the  machine.     See  Art.  44. 

(22)  (a)  Pilot  lamps  are  used  to  indicate  when  a  machine 
is  **  picking  up"  all  right  and  also  to  give  an  approximate 
indication  as  to  whether  or  not  it  is  up  to  the  proper 
voltage. 
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{{>)  Yes;  because  they  must  be  connected  so  as  to  give  an 
indicalion  before  the  main  switch  is  thrown  in.  See  Arts.  44 
and  45. 

(33)  By  cutting  cells  in  or  out  by  means  of  end-cell 
switches.     See  Art.  04. 

(24)  The  arrangement  of  this  board  is  left  as  an  exercise 
for  the  student.  Many  different  arrangements  are  possible, 
but  one  similar  to  that  shown  in  Figs.  58  and  59  would 
probably  be  as  convenient  as  any.  A  sketch  of  connections 
similar  to  Fig.  59,  showing  the  relative  location  of  the  dif- 
ferent instruments  and  switches,  is  what  is  required. 

(25)  (fl)  Compensators  are  used  to  make  the  station 
voltmeter  give  indications  of  the  voltage  at  the  receiving 
end  of  the  line  and  thus  avoid  the  use  of  pressure  wires. 
See  Art.  17. 

(4)     See  Art,  19. 
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(1)  See  Art.  107. 

(2)  Lightning,  defective  cut-outs,  rocker-arm  failing  to 
move  properly,  lamp  burning  with  an  abnormally  long  arc. 
See  Art.  83. 

(3)  The  magnet  cores  of  the  alternating-current  lamp 
must  be  laminated,  whereas  in  a  dii^ect-current  lamp  they 
may  be  solid.  Also,  in  the  alternating-current  lamp  a 
choke  coil  is  used  to  take  up  the  excess  voltage,  whereas  in 
the  direct-current  lamp  a  resistance  must  be  used.  See 
Art.  64. 

(4)  (a)  About  ^  inch  to  ^  inch. 

(*)  About  Vt  ii^ch.     See  Art.  82. 

(6)  The  lamp  will  overheat  and  the  regulating  coil  may  be 
burned  out  because  the  current  will  be  larger  than  it  should 
be.  The  resistance  in  series  with  the  lamp  will  be  over- 
heated and  the  enclosing  globe  may  be  melted.     See  Art.  86. 

(6)  {a)  No.  6  or  8  B.  &  S.  weather-proof  line  wire. 
No.  6  is  generally  used,  as  it  does  not  cost  much  more  than 
No.  8,  has  a  lower  resistance,  and  makes  a  stronger  and 
more  durable  line. 
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(d)  Because  it  makes  the  location  of  faults  much  easier 
and  quicker.      See  Arts.  87  and  89. 

(7)  See  An.  6fi: 

(8)  6.6  amperes  and  70  to  78  volts.     See  Art.  73. 

(9)  See  Arts.  41  and  42. 

(10)  See  Art.  39. 

(11)  See  Figs.  21  and  22. 

(I!l)  (rt)  Because  if  the  carbons  should  stick  or  fail  to 
feed,  the  arc  would  gradually  grow  longer  and  there  would 
be  danger  of  the  shunt  coils  being  burned  out.  Also,  there 
would  be  danger  of  the  circuit  being  broken.     See  Art.  49. 

(^)  In  order  to  provide  a  sufficient  drop  of  potential 
through  the  lamp  so  that  sufficient  curreutwill  pass  through 
the  series  coils  to  enable  the  lamp  to  start  up.     See  Art.  49. 

(13)  See  Arts.  53  and  54. 

(14)  (a)  By  varying  the  amount  of  resistance  in  series 
with  the  arc.      See  Art.  76, 

{b}  By  cutting  in  or  out  some  of  the  sections  of  the 
choke  coil.      Sec  Art.  78. 

(15)  {<j)  Tht;  series  systcin,  because  it  allows  the  use  of 
a  small  current  at  high  pressure,  thus  supplying  the  scat- 
tered lights  with  hut  small  loss  in  power. 

{//)  Hy  means  of  a  switch  that  short-circuits  the  termi- 
nals of  the  lamp. 

(,)  The  voltage  must  increase  as  the  load,  i.  e.,  the  num- 
ber of  lamps,  is  increased. 

(</)  No;  the  current  must  remain  constant.  It  is  main- 
tained at  a  r<mstaiit  value  bv  mfuiis  of  an  automatic  regu- 
■  Arts.  3<)  and  ;tl. 
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(18)  {a)  Petroleum-coke  or  gas-retort  carbon. 

(d)  Because  the  impurities,  if  present  in  any  considerable 
quantity,  are  deposited  on  the  inner  globe  and  obscure  the 
light. 

(c)  Lampblack.     See  Arts.  16  and  17« 

(19)  (a)  See  Figs.  7  to  11,  inclusive. 
(*)  See  Art.  16. 

(20)  (a)  Because  the  crater  is  formed  in  the  positive 
carbon,  and  if  the  upper  carbon  is  not  made  positive, 
most  of  the  light  will  be  thrown  upwards  instead  of  down- 
wards. 

(b)  By  noting  which  carbon  remains  hot  for  the  longer 
time  when  the  current  is  turned  off.  The  upper  or  positive 
carbon  should  be  the  hotter.     See  Art.  14. 

(21)  No;  the  ends  of  the  carbons  are  nearly  flat,  due 
largely  to  the  shifting  of  the  arc  over  the  ends.     See  Art.  12. 

(22)  About  t).  6  amperes  for  lamps  giving  1,200  nominal 
candlepower,  and  9.6  amperes  for  lamps  of  2,000  nominal 
candlepower.     See  Art.  7. 

(23)  (a)  One  in  which  the  arc  is  surrounded  by  an  enclo- 
sing globe  that,  to  a  large  extent,  excludes  the  air  from  the 
arc. 

(d)  The  consumption  of  carbon  is  very  much  less.  An 
enclosed-arc  lamp  can  easily  burn  from  100  to  150  hours 
without  retrimming,  whereas  an  open  arc  can  burn  about 
10  hours  only. 

(c)  See  Art.  8. 

(24)  The  carbon  points  become  heated  to  a  very  high 
degree  and  become  pointed.  The  positive  carbon  becomes 
hotter  than  the  negative  and  burns  away  about  twice  as  fast. 
The  positive  carbon  has  a  crater  formed  in  the  end  and  the 
greater  part  of  the  light  is  emitted  from  this  crater.  See 
Arts.  3  and  4. 
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(25)  (a)  About  3,500°  C. 
{6)     No. 

((■)  The  effect  of  increasing  the  current  is  to  increase 
the  size  of  the  crater  and  thus  make  the  arc  give  a  greater 
amount  of  light.  The  temperature  of  the  arc  is,  however, 
not  increased.     See  Art.  5. 

(26)  (a)  About  45°  below  the  horizontal. 

(f>)  Because  an  alternating-current  lamp,  by  itself,  throws 
a  large  amount  of  light  above  the  horizontal,  where  it  is  of 
little  or  no  use.     See  Arts,  80  and  33. 


b 


ELECTRIC   LIGHTING. 

(PART  4.) 


(1)  To  operate  circuit  t  on  machine  A^  ins^crt  l^Uigi^  M 
^i."^i«~*i~^i~*«~^«-  ^^  operate  circuits  ;?'  and  •**  in  srrit^H  ^m 
nachine  C,  insert  plugs  at/,,V.-^'.-''.-<',--<*,--<*.V.V,'^\':<^ 

(2)  A  diagram  similar  to  Fig.  6  is  required, 

(3)  By  disconnecting  the  ends  of  the  faulty  iM>il  (rt>m  thtf^ 
»mmutator,  tying  them  back  out  of  the  way,  and  conntH^t* 
ng  the  segments  by  means  of  a  **  jumper.**     Sec  Art.  {111% 

(4)  {a)  Those  with  open-coil  armatures  and  thtvie  with 
:losed-coil  armatures. 

{b)  The  Brush  and  Thomson-Houston  nuu  hines  belong 
;o  the  first  class,  and  the  Wood  or  Fort  Waynt\  Westt^rn 
Electric,  Excelsior,  and  Ball  belong  to  the  second.  St^o 
\rt.  16. 

(5)  See  Art.  69. 

(6)  By  connecting  one  side  of  the  voltmeter  to  the  line 
md  the  other  to  the  ground,  as  indicated  in  Fig.  3.  See 
\rt.  4. 

(7)  See  Arts.  25  and  26. 

(8)  The  new  machine  is  of  the  multipolar  type  and  is  of 
considerably  larger  capacity  than  the  old  style.  It  requires 
lo  wall  controller,  but  is  provided  with  a  controller  on  the 
nachine  itself.     See  Arts.  22  and  23« 
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(9)  See  that  the  current  always  flows  through  the  circuits 
in  the  proper  direction.  Never  open  a  circuit  when  the 
current  is  on.  If  the  circuit  must  be  cut  out,  first  short- 
circuit  its  terminals.     See  Arts.  53  and  55. 

(10)  In  order  to  keep  the  current  at  a  constant  value. 
Arc  machines  are  series-wound,  and  if  no  regulator  were 
provided,  the  current  would  increase  as  lamps  were  cut  out 
and  decrease  as  they  were  cut  in.     See  Art.  14. 

(11)  Plug  from  A+  to  1+,  and  from  .W—  to  /— .  Plug 
B-i-  to  S+,  3-  to  4+  by  means  of  cable  /,  and  i-  to  B-. 

(12)  Constant  potential,  because  the  same  alternators 
can  then  be  used  for  both  arc  and  incandescent  lighting. 
See  Arts.  13  and  43. 

(13)  The  flashing  occurs  at  regular  intervals.  See 
Art.  aO. 

(14)  See  Art.  47. 

(16)  A  to  i  inch.     See  Art.  30. 

(Ifi)  They  may  be  operated  directly  from  the  alternator 
by  providing  each  lamp  with  a  choke  coil  that  is  cut  into 
circuit  in  case  the  lamp  goes  out.  They  may  also  be  oper- 
ated by  using  a  transformer  with  an  adjustable  secondary, 
by  using  a  constant-current  transformer,  or  by  inserting  a 
reactance  in  the  circuit,  this  reactance  being  arranged  so 
that  it  varies  with  changes  in  the  load  in  such  a  way  as  to 
keep  the  current  constant.     See  Arts.  43  to  50. 

(17)  Improper  setting  i>f  brushes,  defective  air  blast, 
overload  on  machine,  speed  too  low,  cross  on  line,  break  in 
slumt  circuit  of  lamps.      Sec  Art.  30. 

(15)  The  break  is  located  by  first  grounding  both  ends 
of  the  circuit  at  the  station.  The  circuit  is  then  opened 
about  its  middle  point  and  each  side  rung  up.  in  turn,  by 
connecting  one  terminal  of  the  line  to  the  magneto  and 
the  other  tn  the  ground.  After  determining  which  side  the 
hre,-ik  is  in,  the  circuit  is  completed  at  this  point  and  the 
lineman  moves  on  to  another  point  about  half  way  between 


§19  ELECTRIC  LIGHTING.  8 

the  station  and  the  last  point  tested.  In  this  way  the 
stretch  of  circuit  in  which  the  break  is  known  to  exist  is 
narrowed  down  to  within  small  limits.     See  Art.  2. 

(19)  See  Art.  40. 

(20)  Inaccurate  setting  of  brushes,  defects  in  air  jets, 
dirty  commutator,  too  much  oil  on  commutator,  too  large 
current,  ragged  or  bent  brushes.     See  Art.  21, 

(21)  See  Art.  39. 

(22)  To  improve  the  regulation  when  the  machine  is 
operated  on  a  number  of  lamps  considerably  less  than  its 
normal  capacity.     See  Art.  16, 

(23)  The  circuit  ends  are  left  open  at  the  station,  and 
the  different  parts  of  the  line  are  rung  up  for  grounds,  by 
opening  the  circuit  and  connecting  one  terminal  of  the  mag- 
neto to  the  line  and  the  other  to  the  ground.     See  Art.  3, 

(24)  Because  the  coil  will  overheat  on  account  of  the 
local  currents  set  up  in  it,  and  this  overheating  might  injure 
the  adjacent  coils.     See  Art.  37. 


INTERIOR  WIRING. 

(PART  1.) 


(1)  If  the  drop  is  excessive,  the  lamps  will  mU  l>urn  with 
uniform  brilliancy,  because  the  lamps  near  I  ho   Ht>unY  of* 
supply  get  a  higher  voltage  than  those  fur  romt>vrtl»  tuul 
those   lamps  on  which   the  voltage  is  h)W  would  ^ivo  un 
unsatisfactory  light.     See  Art.*77« 

(2)  {a)  Slow-burning  weather-proof  win*  is  ulhtwublc  (or 
open  work  in  dry  places,  such  as  mill  wiring,  etc. 

(d)  It  must  be  supported  clear  of  all  woodwork  by 
means  of  porcelain,  glass,  or  other  non-com!)ustiblr,  mm* 
absorptive  insulators.     See  Art.  50. 

(3)  A  fuse  block  or  circuit-breaker  must  hv  plucrd  as 
near  as  possible  to  the  point  where  the  service  wires  enter 
the  building.  Fuse  blocks  must  be  placed  wherever  there  is  u 
change  in  the  size  of  the  wire,  unless  the  fuse  in  the  cut- 
out protecting  the  larger  wire  will  protect  the  smaller  wire 
also.     See  Art.  61, 

(4)  (a)  If  lamps  are  burned  after  they  become  dim,  they 
give  out  very  little  light  compared  with  the  power  that  they 
consume;  i.  e.,  the  watts  per  candlepower  become  very 
high,  and  it  therefore  pays  better  to  put  in  new  lamps. 
See  Art.  14. 

(d)  The  effect  of  burning  a  lamp  above  its  rated  voltage 
is  to  increase  the  candlepower,  but  at  the  expense  of  greatly 
shortening  the  life  of  the  lamp.     See  Art.  14. 
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(S)  Calculate  the  wiring  as  if  it  were  for  230  volts.  This 
win  give  the  size  of  the  outside  wires.  Make  the  middle 
wire  of  such  size  that  it  can  safely  carry  the  current  required 
by  one  side  of  the  system.     See  Art.  80. 

(C)  If  there  are  130  lamps,  there  will  be  -lO  tamps  on 
each  branch,  or  y  =  20  amperes.     Hence,  from  formula  1, 

C^  ^  20X  1.73  =  3-J.fl  amperes.     Ans. 

Here  C^  is  the  current  in  each  of  the  main  wires.  Sec 
Art.  44. 

(7)  («)  From  3.1  to  5  watts  per  candle.     See  Art.  15. 
(A)  Total  watts  =  32  X  4  =  128.     Voltage  =  110. 

Hence,  Current  =  |f  J  =  1.16.     Ans. 

(8)  (a)  Cut-outs  are  used  to  prevent  wires  being  over- 
loaded. They  open  the  circuit  whenever  the  current  exceeds 
the  allowable  amount  and  thus  prevent  the  wires  from 
being  overheated  and  burned  out. 

(d)  They  usually  take  the  form  of  a  piece  of  soft,  fusible 
wire,  which  melts  and  opens  the  circuit  whenever  the  current 
becomes  excessive.  These  fuses  are  provided  with  metal 
terminals  that  are  attached  to  corresponding  ttjrminals 
mounted  on  a  slate  or  porcelain  base.  In  many  cases  the 
fuse  is  enclosed  in  order  to  protect  it  from  air-currents  and 
to  keep  it  from  coming  in  contact  with  other  substances. 
See  Art.  i50. 

(!t)  There  will  be  250  lamps  on  each  side  of  the  two-phase 
system;  hence,  the  current  in  each  line  will  be  250  X  i 
=  125  amperes.      See  Art.  45. 

(10)  See  rule  r.  Art.  26. 

(11)  The  open  arc  burns  exposed  to  the  atmosphere, 
whereas  the  enclosed  arc  is  confined  in  a  small  globe  from 
which  the  oxygen  is  practically  all  burned  out.  The  result 
is  that  the  carbon  burns  very  slowly,  and  such  lamps  will 
burn  100   tQ   i50   hours   without    being    retrimmed.     The 
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enclosed  arc  is  longer  than  the  open  arc  and  requires  a 
higher  voltage.     See  Arts.  80  to  33,  inclusive. 

(12)  (a)  The  total  current  is  250  amperes,  allowing  ^  am- 
pere  per  lamp.     Resistance  =  y,=  y|y  =  .02    ohm.       Total 

length  of  line  wire  is  400  X  2  =  800  feet,  or  .8  thousand  feet. 

02 
The  resistance  per  1,000  f eet must, therefore, be  ^  =.025  ohm. 

.o 

A  No.  0000  wire  has  a  resistance  of  .049  ohm  per  1,000  feet, 
as  may  be  seen  by  consulting  Table  V,  so  that  two  No.  0000 
wires  in  multiple  will  have  a  resistance  of  .0245  ohm  per 
1,000  feet  and  will  answer  in  this  case.     See  Art.  81, 

(d)  If  carrying  capacity  alone  were  considered,  No.  000 
weather-proof  wire  would  answer,  because  the  Underwriters 
allow  262  amperes  for  this  size  of  wire. 

(13)  The  carrying  capacity  of  rubber-covered  wire  is 
lower  than  that  of  weather-proof  wire,  because  the  rubber 
covering  is  subject  to  gradual  deterioration  under  the  action 
of  heat.     See  Art.  30. 

(14)  Because  a  resistance  must  be  used  in  series  with 
these  lamps,  and  a  portion  of  this  resistance  may  just  as 
well  be  in  the  branch  wires  connecting  the  lamp  with  the 
mains.  Of  course,  no  wire  smaller  than  No.  14  should  be 
used.     See  Art.  34. 

(15)  (a)  See  Art.  80. 

{d)  A  mil  is  equal  to  f^^jfiy  inch. 

(16)  The  amount  of  energy  supplied  to  any  one  circuit 
dependent  on  one  cut-out  is  limited  to  000  watts  by  rule  r/. 
Art.  61 ;  hence,  the  number  of  lamps  allowable  is  easily 
determined.  About  10  16-candlepower  lamps  per  circuit  is 
usually  taken  as  the  limit. 

(17)  See  Art.  3. 

(18)  The  illustration  shows  the  wiring  provided  with  the 
necessary  cut-outs  and  with  the  currents  indicated  in  the 
various  parts. 

J.    111.-38 
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,  S8  ain- 


(a)     Current  at  «,  88  amperes;  d,  30  amperus; 
pcres;  t^,  43  amperes;  r,  5  amperes. 

(i)  The  sizes  of  wire  will  be  No.  2  for  section  A,  No.  8 
for  Ji,  No.  4  for  C,  No.  10  for  D,  No.  14  for  E,  No,  G  fwr  /^. 
See  Underwriters'  Table.  Art.  30.  In  each  case  the  wire 
has  been  taken  that  is  on  the  large  side,  so  that  the  carrying 
capacity  will  be  ample.  If  the  distances  were  short,  it  is  prob- 
able that  so  many  different  sizes  would  not  be  used.  For 
example,  sections  C  and  F  might  both  be  No.  4,  although 
No.  4  is  not  absolutely  necessary  for  section  /■".  If,  how- 
ever, the  distances  were  long,  it  would  pay  to  use  the  differ- 
ent sizes,  as  indicated. 


of  cut-outs  may  varyconsid- 
ccd  at  t-ach  point  where  there 


((■)  The  actual  arrange] 
erably.  Acut-uut  must  1) 
is  a  change  in  the  size  uf  the  wire,  and  a  main  cut-out 
should,  therefore,  be  placed  at  I,  and  HD-ampere  fuses  would 
be  the  greatest  allowable  size  to  use  in  it.  At;.'  wc  may 
place  a  single  branch  block  fur  C  and  a  main  block  for  J\ 
or  we  may  use  two  single  branch  bliu-ks  or  one  double 
branch  block.  In  the  figure,  a  double  branch  block  2  is 
shown,  the  side  connecting  to  />'  being  fused  with  fuses  not 
larger  than  l!;i  amperes  capacity,  and  the  side  connecting 
to  C  with  fuses  Hot  exceeding  iir>  amperes  capacity.  At  3,  a 
double  branch  block  may  also  be  used,  one  side  being  fused 
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for  2-4  amperes  capacity  and  the  other  for  4(>  a!U|HMvs 
capacity,  as  indicated.  To  supply  branch  /:\  a  sinvilo 
branch  block  4  will  be  required,  and  its  fuse  must  not  K^ 
over  12  amperes  capacity.  No  branch  l)lo(  k  will  bo  ivqniix^l 
at  5,  because  the  size  of  wire  is  not  changed  tl^cro,  Tho 
current  capacity  of  the  fuses  indicated  in  the  fij»uro  is  the 
same  as  the  current  capacity  of  the  wires  thai  they  pn^ttvt. 
In  practice,  however,  fuses  of  standard  size  would  bo  umhI, 
and  these  might  not  always  be  of  the  same  tap;u  ity  \^f  tho 
wire.  In  any  event,  the  rated  cai)acity  of  the  fuse  should 
not  exceed  the  allowable  carrying  capacity  of  the  wiix^  \\ 
protects. 

(19)  Safety,  satisfactory  operation,  convoniouiv  ;uul 
neatness,  economy.     See  Art.  2. 

(20)  The  effect  is  to  greatly  increase  tl\o  drop,  Ivwi^^w 
the  low- voltage  lamps  require  a  larger  turreut  th.u\  the 
high-voltage  ones  and  the  line  resistam  e  is  the  s»uuo  in  bN^^ 
cases.  The  low  voltage,  of  course,  results  in  uusaliNl^^x  t>xi\ 
service,  to  say  nothing  of  the  danger  of  overUM\bu>i  the 
wiring  that  is  introduced  by  the  change.     See  Ait»  84% 

(21)  See  rule  c,  Art.  63. 

(22)  {a)  No.  14  B.  &  S.     vSce  rule  u,  Art.  'iil, 

(d)  The  current-carrying  capacity  as  given  by  the 
Underwriters. 

(23)  The   wiring   maybe  divided    inti>    disiriluition   cit 
cuits  and   mains.     The  former   run  to  tlie   lau\ps  liou\  the 
distributing  centers  and  the  latter  connt»ct  the  outside  lines 
to  the  distributing  centers.      See  Art.  -18. 

(24)  (a)  It  effects  a  considerable  saving  in  the  amount 
of  wire  required  to  transmit  the  current,  because  it  admits 
the  use  of  a  higher  voltage  than  the  two-wire  system. 

(d)  If  one  side  of  the  system  is  loaded  much  heavier  than 
the  other,  the  voltage  becomes  unbalanced,  and  the  devices 
connected  to  the  lightly  loaded  side  have  a  higher  voltage 
thrown  on  than  they  are  intended  for.     The  wiring  is  also 
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system.      See  Arts.  38 


more  complicated  than  the  two-v 
and  39. 

('i5)  Because  if  they  are  run  separately,  the  inductive 
effect  may  cut  down  the  voltage  supplied  to  the  Isnips.. 
See  Art.  33. 

(2(i)  ((?)  Because  plaster  and  cement  are  likely  to  cor- 
rode the  insulation  and  break  it  down. 

{it)  Staples  do  not  insulate  the  wire  and  are  likely  to 
cut  into  the  insulating  covering  with  which  the  wire  is  pro- 
vided.    See  Art.  34. 


INTERIOR   WIRING. 

(PART  2.) 


(1)  A  line  120  feet  long  having  a  drop  of  3  volts  would 
be  the  same  size  as  a  line  ^^^  =  40  feet  long  having  a  drop  of 
1  volt.  In  Table  I,  under  40  and  on  the  same  horizontal 
line  with  30,  we  find  No.  G  as  the  size  wire  required. 

(2)  i  inch  =  125  mils.  125  x  125  =  15,<525  circular  mils. 
See  Art.  6. 

(3)  Tests  should  be  made  to  see  if  all  connections  arc 
correct,  and  also  to  detect  any  grounds  or  crosses  between 
wires.  All  circuits  should  be  tested  before  fixtures  of  any 
kind  are  put  up,  and  each  fixture  should  be  tested  after  it  is 
wired,  but  before  it  is  put  in  place.     See  Art.  71. 

(4)  (a)  See  Art.  73. 

(d)  Before  the  building  is  lathed  and  plastered. 

(5)  A  magneto-bell,  commonly  called  a  magneto,  that  is 
capable  of  ringing  its  own  bell  through  a  resistance  of  at 
least  5,000  ohms  is  generally  used. 

(6)  The  total  current  =  80  X  ^  =  40  amperes.  By  for- 
mula 1  the  resistance  per  1,000  feet  r,„  of  the  proper  size 

wire  to  use  equals —  =  .125  ohm  per   1,000  feet. 

^  2  X  200  X  40  * 

This  would  require  a  No.  1  wire,  which  has  a  resistance  of 

.124  ohm  per  1,000  feet. 
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(7)     Diameter  in  mils 
See  Art.  G. 
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10,816  =  104    mils  t 
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.104  in, 


(8)     The  voltage  across  the  outside  wires  at  the  lamps  := 
130  —  l  =  316  volls.     Substituting  in  formula  7,  we  have 


Current  = 


:  14.4  amperes.     Ans. 


(B)  As  in  Art.  18,  divide  the  current  by  the  drop,  which 
gives  y  =  10.  Now  follow  down  in  the  column  under 
II)  amperes  until  the  nearest  distance  to  120  feet  is  obtained. 
This  will  be  found  to  be  121,  and  to  the  left  of  this  in  the 
first  column  will  be  found  the  size  of  wire  required,  namely, 
No.  C  B.  &  S. 

(10)  The  50  lamps  will  require  35  amperes.  Substituting 
the  values  given  in  formula  5,  we  have  circular  mils 
=  ai-fi  X  25  X  150  ^  ^  gg^,^  ^^  hetwcon  a  No.  4  and  No.  5 
B.  &  S.    No,  4  wire  would  be  used. 

(11)  The  total  resistance  of  the  line  should  be  -^ 
=  .05  ohm.      Since  this  line  is  2011  feet  long,  counting  both 

ways,  then  the  resistance  per  1,000  feet  must  be  ;^  x  1.000 

e  of  a  No. 


:  .^'i  iiliiii.  The  rcsisla 
■-  .;(114  ohm.  Let  r,  =  . 
.■r  1,000  feet  of  the  wirt 


the 


1 


1 


wire  per  1,000  feet 
'.•4  ohm  and  r,  =  the  resistance 
required.     Then,  by  substituting 


,'  +  - 


1 


hav 


1 


1 


1 


, :  ben. 


:  .(ifi4. 


.■^94   ' 
JtV»4_ 
.:ilt4       .-^.i  X  .;i!'4'  '  ■■'  .144        ^ 

Nm.  S  [1.  lV-  S.  gaujje  wire,  resistance  .I1271  ohm  per  1,000  feet, 
most  nearly  meets  this  reiiuirement.     See  Art.  17. 
(12)     (,/)   S.eArt.  18. 
(/')  See  Art.  U>. 
(i:i)      (,7)   \V.>'idi-n  nK.ldinjr  may  be  usc<l  in  finished  houses 
on  ceilinjrs  and  walls,  aiul   in   show  windows  f..r  temporary 
purposes,  where  it  is  desirable  to  hide  the  wire  and  give  the 
work  a  neat  appearance. 
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(6)  It  must  not  be  used  in  concealed  work  nor  in  any 
damp  places  or  where  the  difference  of  potential  is  over 
300  volts.     See  Art.  69. 

(14)  The  constant  motion  and  vibration  of  the  ship, 
which  tend  to  chafe  and  break  the  wires;  also  the  constant 
presence  of  dampness.     See  Art.  76. 

(15)  (a)  A  main  switch  and  cut-out. 

{6)  The  cut-out  should  be  placed  nearest  the  point  where 
the  wires  enter,  then  the  switch,  and  finally  the  meter.  See 
Art.  34. 

(16)  By  means  of  two  three-point  switches,  one  at  each 
point  from  which  it  is  desired  to  control  the  lamps.  Make 
a  sketch  similar  to  (a)  or  {b),  Fig.  18.     See  Art.  37. 

(17)  So  that  if  a  wire  comes  in  contact  with  any  section 
of  a  conduit  or  fitting,  there  will  be  afforded  a  direct  path  to 
ground  through  which  current  may  escape  to  earth.  This 
prevents  the  current  leaking  to  ground  through  any  other 
paths  and  thereby  reduces  the  likelihood  of  a  fire.  See 
Arts.  62  and  63. 

(18)  (a)  Because  it  is  not  waterproof  and  is,  therefore, 
not  suitable  for  use  in  damp  places. 

(d)     Lined  and  unlined  iron  pipe. 

(19)  The  loop  system  is  one  in  w  lich  the  same  pair  of 
wires  passes  in  series  through  all  outlets  at  which  lamps  to 
be  connected  on  that  one  circuit  are  located;  that  is,  no 
branch  circuits  are  tapped  on  except  at  outlet  or  junction 
boxes.     See  Art.  57. 

(20)  The  smaller  wire  must  be  protected  by  a  cut-out. 
See  Art.  69. 

(21)  The  wires  must  be  l)rought  out,  for  combination 
fixtures,  through  insulating  tubes  or  an  approved  outlet 
insulator  in  such  a  manner  that  they  cannot  touch  gas 
pipes,  metal  work,  or  plaster.  At  outlets  where  there  are 
no  gas  pipes,  ordinary  porcelain  tubes  may  be  used.  See 
Art.  23  and  rule  e,  Art.  23. 
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(32)  They  must  be  rigidly  supported  on  nnn-combustible, 
non-absorptive  insulators  that  keep  the  wires  at  least  I  inch 
from  the  surface  wired  over,  and  should  be  kept  at  least 
10  inches  apart  and  run  on  separate  timbers  or  studding 
whenever  possible.  In  some  cases,  especially  where  a  large 
number  of  wires  come  together  near  the  junction  or  panel 
boards,  it  is  impossible  to  observe  this  rule  absolutely,  and 
the  inspectors  will  usually  pass  work  in  such  cases  that  does 
not  fully  meet  the  requirements,  provided  wires  are  kept  at 
least  2^  inches  apart  or  are  run  in  an  armored  cable  nr 
conduit.    See  Art.  33. 

(38)  (a)  Since  the  two  wires  have  a  greater  surface  area 
than  the  one  wire  of  equivalent  cross-section,  they  can 
radiate  the  heat  faster  and  hence  can  safely  carry  more 
current. 

(h)  Since  the  resistance  of  the  two  wires  in  parallel  is 
equal  to  that  of  the  one  larger  wire  of  equivalent  cross- 
section,  then  the  drop,  which  is  equal  to  C  X  A',  will  be  the 
same  in  both.      See  Art.  Hi. 


k-n^'th  of  line  ^  3  X  10(1  =  200  feet.     The 

I  feet  of  No.  U  =  ■i..'i-il  ohms;  hence,  the 

1.  XJ'iO  _ 

,(")()0 

wires  in  multiple  are  to  be  No.  14,  then  each  wire  will  have 
:i  resistance  of  .MU'i  ohm,  and  the  combined  resistance  must 
e<|ual  .1-i  iihrn.  Hence,  if  .v  =  the  number  of  No.  14  wires 
in  nuikiplL-  :iiid  A'  the  combined   resistance  —  .12  ohm,  then 


.")"-!  ■; 


,  fnim  the  furnuila  given  in  Art.  17. 
■r  of  which  .r  ^  1.30.      Hence,    four 


No,   14  win-s  in  par:illcl  wnnkl   I 
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(d)  They  should  be  connected  and  hung  by  separate 
rubber-covered  stranded  conductors,  not  smaller  than 
No.  14  B.  &  S.  The  two  conductors  should  preferably  be 
twisted  together  when  their  length  is  over  3  feet.  They 
should  be  soldered  directly  to  the  circuit  wires,  but  sup- 
ported so  that  the  weight  of  the  lamp  socket  and  wires  will 
not  be  borne  by  the  circuit  wires.  Rosettes  should  not  be 
used.     See  Art.  18, 

(26)  (a)  A  single-pole  switch  may  be  used  where  it  does 
not  control  over  660  watts. 

(d)  Because  they  cost  less  and  the  necessary  wiring  is 
cheaper.     See  Art.  36, 

(27)  Because  not  more  than  660  watts  are  allowed  on  one 
circuit  by  the  Underwriters  and  No.  14  is  plenty  large 
enough  to  safely  carry  the  current ;  moreover,  the  distances 
are  usually  so  small  that  the  drop  is  never  too  large  on 
110-volt  or  higher  pressure  systems,  even  with  the  maxi- 
mum allowable  number  of  lamps  on  the  branch  circuits. 
No.  14  wire  being  the  smallest  size  allowed  by  the  Under- 
writers is  therefore  used  for  most  branch  circuits.  See 
Art.  32. 
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INTERIOR  WIRING 

(PART  8.) 


(1)  It  is  important  to  burn  the  lamps  at  a  proper  and 
uniform  voltage,  but  the  drop  or  efficiency  is  a  secondary 
matter ;  hence,  a  large  drop  may  be  allowed  and  compara- 
tively small  wires  may  be  used,  but  lamps  of  the  proper 
voltage  should  be  used  even  if  this  requires  lamps  of  differ- 
ent voltages  in  the  various  parts  of  the  circuit  or  system. 
See  Art.  10. 

(2)  See  Art.  16. 

(3)  It  depends  on  the  ratio  of  the  number  of  turns  in 
the  primary  and  secondary  coils  of  the  transformer.  See 
Art.  18. 

(4)  Because  a  protective  device  for  use  on  a  constant- 
potential  circuit  is  made  tq  open  the  circuit  in  order  to  pro- 
tect it,  but  on  a  constant-current  system,  it  must  short- 
circuit  and  not  open  the  circuit.    See  Art.  23. 

(5)  See  Art.  23. 

(6)  {a)  A  self-restoring  annunciator  is  so  constructed 
that  when  a  button  is  pushed,  its  corresponding  drop  falls. 
The  next  call  operates  a  magnet  that  moves  a  restoring 
device,  which  in  turn  resets  the  first  drop. 

(b)  It  obviates  the  necessity  of  restoring  the  drops  by 
hand.  Moreover,  with*  hand-restored  annunciators,  there 
may  be  one  or  more  drops  down,  due  to  their  not  having 
been  promptly  restored,   and   hence  if  another  drop  falls, 
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it  may  be  difficult  to  tell  which  drop  fell  last  and  which  one 
needs  to  be  answered.     See  Art.  41. 

(7)  Direct-current  series-arc  lighting  systems.  See 
Art.  17. 

(S)  Since  one  side  of  the  system  is  grounded,  it  is  very 
easy  for  the  current  to  start  leaking  to  earth,  and  hence 
the  fire  risk  is  great,  to  say  nothing  of  the  risk  from  shocks. 
See  Art.  29. 

(9)  The  wires  must  be  rubber-covered  and  must  be  kept 
at  least  8  inches  apart.      See  Art.  34. 

(10)  («)  A  motor  and  starting  resistance  box  must  be 
protected  by  a  cut-out  and  controlled  by  a  switch  that  shows 
plainly  whether  it  is  on  or  off. 

(i)  SingIe-i>ole  switches  may  be  used  with  motors  of 
i  horsepower  or  less  and  then  only  on  low-tension  circuits. 
Sec  Art.  2ft, 

(11)  It  is  dangerous  to  life  and,  moreover,  a  lightning 
discharge  can  easily  start  an  arc,  and  an  arc  once  started 
will  persist  even  tliouti;)!  th.'  p<iiiUs  l>ctwi.-<.^n  which  it  plays 
are  separated  several  inches;  hence,  it  is  liabl.;  to  start  a 
fire.      See  Art.  17. 

(I'i)  It  should  he  surroundud  by  a  wood  platform  sup- 
ported on  insulators  and  c.vlcndcd  around  the  machine  so 
tliat  a  man  must  stand  iijinn  tlie  platform  before  he  can 
touch  any  part  of  the  marhine. 

(i:t)     ((f)  Resistance  boxes  and  reactive,  or  choke,  coils. 

(/')  Resistance  boxes  may  be  used  on  direct-  or  alterna- 
tiny-<'urrent  systems,  but  reactive,  or  choke,  coils,  although 
the  more  economical  of  the  tw<\  can  only  be  used  on  alter- 
nating-current systems.      See  Art.  i). 

(U)     No.     Sec  Art,  ««. 

(i'y)     See  Art.  20. 

(Iti)  It  is  best  In  use  rubber-covered  wire  in  very  moist 
or  wet  places  for  bell  and  annunciator  wiring.     See  Art.  42. 
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(17)  Their  use  is  recommended  and  they  must  be  used 
when  required.     See  Art.  28, 

(18)  Without  special  permission  transformers  must  not 
be  placed  inside  a  building,  except  in  central  stations,  and  if 
a  transformer  is  fastened  to  an  outside  wall,  it  must  be  sepa- 
rated from  the  wall  by  substantial  supports.     See  Art.  19. 

(19)  (a)  The  most  common  form  of  theater  dimmer  con- 
sists of  a  resistance  split  up  into  a  number  of  sections,  so 
that  the  amount  of  resistance  between  the  terminals  of  the 
dimmer  may  be  varied  by  the  movement  of  a  handle  that 
controls  a  contact  device. 

{6)  In  series  with  the  circuit,  so  that  the  total  resistance, 
and  hence  the  total  current  and  intensity  of  illumination, 
may  be  varied  as  desired  by  manipulating  the  handle.  See 
Art.  9.. 

(20)  Two  wires  should  never  be  fastened  under  one 
unprotected  or  uninsulated  metal  staple  and  a  staple  should 
never  be  driven  in  so  hard  as  to  cut  through  or  injure  the 
insulation  of  the  wire.     See  Art.  42. 

(21)  See  Art.  26. 

(22)  Because  all  the  air  gaps  at  the  burners  in  one  cir- 
cuit are  in  series,  and  hence  offer  a  great  resistance  to  the 
sparking  current ;  and  since  a  current  will  take  the  easiest 
path  to  ground,  it  follows  that  the  current  will  jump  to 
ground  instead  of  across  all  the  spark  gaps  if  there  is 
a  point  where  the  resistance  to  ground  is  less  than  the 
resistance  of  all  the  spark  gaps.  Consequently,  it  is  very 
necessary  to  highly  insulate  the  circuit  on  a  series  gas- 
lighting  system  in  order  to  make  the  system  work  properly. 
See  Art.  68. 

(23)  Care  must  be  taken  to  use  a  wire  large  enough  to 
carry  the  current.  The  current  required  by  the  motor  may 
usually  be  determined  from  the  name  plate,  but  if  not  given, 
the  table,  Art.  26,  may  be  used.  Also,  the  motor  must 
be  equipped  with  a  suitable  starting  box  that  complies  with 
the  Underwriters'  requirements.     See  Art.  27. 
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Note.— All  items  in  this  index  refer  first  to  the  section  (see  the  Preface)  and  then 
to  the  psLge  of  the  section.  Thus,  **  Annunciators  88  89"  means  that  annunciators  will 
be  found  on  pag^e  89  of  section  88. 
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